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PREFACE 

It is nouj a truism that, in the last tujo decades, the 
transition metal ions have been able to stabilize a feu of the 
unstable small molecules like NO, CS , SC by coordinating uith 
them in presence of other ligands. It has stimulated the 
interest of contemporary inorganic chemists in their potential 
application in organic and inorganic syntheses, using them as 
catalysts in various reactions and in understanding the nature 
of biological processes. The present ujork encompasses the 
chemistry of stabilization of NS as derived from (NSCl)^,N50H 
and NO, using N20^, NOCl, NQBr, NOBr^ as nitrosylating agents 
by a feuj platinum metal ion complexes (Ru, Rh, Ir, Pt, Pd). 
Besides these, the electrochemical behavio-ur of trithi azyltri- 
chloride has also been investigated. 

The scope, the object of the uork and the brief litera- 
ture survey regarding thionitrosyl complexes of transition 
metals, nitrosyl complexes of ruthenium, nitro and nitrato 
complexes of ruthenium, palladium and platinum, thiazate 
complexes along uith the cyclic voltammetric studies on sulfur- 
nitrogen compounds have been discussed in Chapter I . 

The procedures for synthesizing neu) thionitrosyl complexes 
of ruthenium, rhodium and iridium and the thiazate complexes of 
rhodium have been developed o/hich form the subject matter of 
Chapter II and Chapter III. 



uiii 

Chapter IV deals vuith the reactions of a feuj ruthenium 
complexes with nitrosylhali des and di nitrogentrioxide in 
presence of terti ary- phosphine, arsine and stibine which 
resulted in the formation of few new complexes. Their physical 
and the chemical properties have been studied using various 
physicochemical techniques. Their possible structures have 
also been proposed. 

Fifth chapter describes the interesting oxidative addi- 
tion reactions of dinitrogentrioxide with palladium(O) and 
platinum(O) triphenylphosphine complexes. The interaction of 
nitrosylhali des and dinitrogentrioxide with palladium{ll ) and 
platinum(lV) in presence of tertiary-phosphine and arsine has 
also been discussed therein. 

The fabrication of a simple Cyclic Voltammetric instru- 
ment in the laboratory, the studies of electrochemical behaviour 
of t rithi azyltrichlori de in different aprotic solvents and the 
effects of added transition metal complexes thereon have been 
dealt in Chapter VI . 

Chapter VII briefly overviews the work described in the 
thesis along with a few proposals for future work. 
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CHAPTER I 

INTRODUCTION 


Scope and Objective of Work 

The chemistry of transition metal nitrosyl complexes is 

one that has blossomed during the past three decades. Most 

1 “ 6 

emphasis is laid on developing neai synthetic procedures and 

6 — 1 4 

in understanding the reactivity and the nature of bonding 

of coordinated nitrosyl group luith metal ions. The thionitrosyl 

analogues have, however, eluded syntheses until recently. Their 

apparent reluctance for syntheses was a result of the lack of 

a suitable thionitrosylating agent. Literature shows the 

syntheses of only a few thionitrosyl complexes. The first 

exploratory work on their syntheses was carried out by Chatt, 
15-17 

et al. who synthesized thionitrosyl complexes of ruthenium, 

osmium, rhenium, and molybdenum by reacting respective metal 
nitrides with either elemental sulfur, propylene sulfide or 
disulfur dichloride. Another easier alternative approach for 
their syntheses which has been tried later on is by the reaction 
ofLNSCljwith few transition metal complexes. 


Although 
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ruthenium forms relatively more nitrosyl complexes than any 
other metalj only tuio thionitrosyls of ruthenium have so far 
been synthesized. Reactions of coordinated thionitrosyl group 
have not so far been tried. 

In addition, another vast and rapidly expanding aspect 

of transition metal nitrosyl chemistry is that they have been 

25 

shoujn to be effective catalysts in a number of reactions. 

Thus, ruthenium nitrosyls have been used in introducing N-C 

bond,^^*^^ and conversion of poisonous carbon monoxide into 
2 4— 2 8 

dioxide. Palladium and platinum nitro complexes in the 

presence of triphenylphosphine, catalyzed the reactions of 
Schiff’s bases with 1 , 3 - butadiene . [m(N 02)2L2] (M = Pd, Pt; 

L=PPhj, PEt2Ph, PEtj) were found suitable in the removal of 

rn c 1 . u u 4 - 27,34-36 

CO from the exhaust gases. ’ 

These aspects of nitrosyl- and nitro-chcmistry noted 
above with meagre information available for the thionit rosyl- 
complexes have induced us to look into the chemistry of thio- 
nitrosyl and nitrosyl complexes. The thionitrosyl complexes 
of ruthenium, rhodium, iridium and nitro-nitrato complexes of 

palladium and platinum with a possibility of using them further 

32 33 

as starting materials ’ for obtaining new compounds have 
been synthesized and characterized. 

Second chapter describes the reactions of trithiazyl- 
t ri chlo ri de ( used as a thionitrosylati ng agent) with RuCl2( PPh^ ) ^ , 
RuBr^CAsPh^)^, RuHCl( CO) ( PPhj) 3 and Ru( CO) 3( PPh3) 2 . The 
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structures of the complexes, solvated di chlo ro dit hio nit rosyl- 
bis( triphenylphosphine) 5 [ RuCl2( NS)2( PPh^ )2 ] .S (S = CH2CI2, 

CHClj or CHBr^) and dichloromononitrosyl-monothicnitrosyl- 
bis( triphenylphosphine) [ Ru( NO) ( NS ) Cl2( PPhj)2 J thus , formed 
have been postulated on the basis of i.r., magnetic and other 
physicochemical data. The prcducts of the reactions of 
[ RuCl2(NS)2{PPh^)2].S uiith CI2, Br2, I2. HCl, NQX (X = Cl, 

Br, Br^ or N02)and ujater have been characterised. 

The first part of the third chapter describes neuu routes 
for the synthesis of [ Rh( NS) Cl2( PPh^) ]2 along luith the reaction 
of trithiazyltrichlori da with [ I rHCl2(PPh2) to form [lr(,NS)Cl2“ 
(PPh^)2]* The syntheses of thiazate (NSO ) complexes of rhodium 
with the interaction of Rh(l) complexes with N 30 H have been 
dealt in the second part. The tentative structures of the 
resulting compounds [ Rh(H20) (NS0)2Cl(PPhj) ]2 9 [ Rh(H2Q) (NS0)2C1- 
(PPhj)2] and [ Rh(H20) C 0 ( NSO) 2Cl( PPh^ ) ] have been assigned on 
the basis of analytical, spectral and other physicochemical 
studies . 

The products of the reactions of RUCI2.XH2O with NOX 
(X = Cl, Br, Br^ or NO2) in presence of triphenylphosphine, 
triphenylarsine and triphenylstibine are described in Chapter lU. 
Herein the reactions of NOX with some ruthenium complexes have 
also been presented whereby compounds of the type [ Ru( NO) CIX2 L2 ] 
(X = Cl or Brj L = PPh^, AsPh3 or SbPh3) and [ Ru(CO) 2X2(PPh3)2] 

(X = Cl or Br) were obtained and characterised. 



4 


Chapter five describes the interesting oxidative addition 
reactions of dinitrogen trioxide with tetrakis(triphenylphos- 
phi ne) pall adi um( D J and tetrakis(triphenylphosphine)platinum(0) 
in presence and absence of oxygen. Reactions of NOX (X = Cl, 

Br, Br^j with Pd(PPhj)^, PdCl2 and H2PtCl g in presence of PPh^ 
and AsPhj have also been described. These reactions resulted 
in the formation of complexes [ M( NO2 ) 2 ( PPh^) 2] s [ M( NO2 ) ( NO^ ) - 
(PPh3)2]* [f"'Cl2(PPh3)2]. [ MCl2( AsPh3) 2 ] » 

[ PdBr2(AsPh3)2],[PdBr2(PPh3)2] and [ Pd2Br4(PPh3)2] . 

Electrochemical behaviour of NO, N20^, NO2 , N2O3, etc. 

37-42 

have been known for the last twenty years but no report 

pertaining to the studies on their thio analogues except S^N^ 

is available. Due to the non-availability of a commercial 

indigenous cyclic voltammetric instrument, a simple cyclic 

voltammetric set-up has been fabricated by using indigenous 

materials which forms the first part of Chapter Ml. The second 

part deals with the cyclic voltammetric behaviour of trithiazyl- 

trichloride in acetonitrile and dimethylf o rrriamide . Quasirever- 

« 

sible behaviour of the redox process NSCl] —==“ [NSCi] was 
observed and the effects of added transition metal complexes . 
have been investigated. 

A brief overview of the wcrk and some proposals to extend 
it further have been given in Chapter seven. 

Although an extensive review on the ruthenium nitrosyl 
complexes has appeared in 1978 , the vast data of the fast 
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expanding field of nitrosyls needs summarizing till this date. 
In the folloujing paragraphs, a brief reuieuj on the topic is 
presented with special emphasis on the work related to the 
understanding of the nature of the bond between metal and the 
nitrosyl group. Besides, the chemistry of nitro, nitrato, 
thiazato and thionitrosyl groups have also been briefly 
revi owed. 


The Chemistry of Thionitrosyl Group (NS ) 

The syntheses, the properties of thionitrosyl radical, its 

ionic [ NS'^MFg (M=As, Sb); I\1S'*'BF^ , NS"^Sb 2 F^^ ] covalent 

(NSF, i\lSF^ and NSClj compounds and transition metal thicnitro- 

syl complexes, covering the literature until 1980 have been 

44 

reviewed by Agarwala, et al . 

Thionitrosyl radical with one unpaired electron, unlike 

its homologue NO, polymerizes so readily that it is not possible 

to isolate it as monomer solid or liquid and even in the gaseous 

45 

phase it has only a transient existence. It, similar to NO, 

can exist as or [ NS by respectively loosing or 

gaining an electron and many of its properties should therefore 

be approximately analogous to those of NO. It has low ioniza- 

tion potential (9.85 e\i ) , high dipulemoment (1.86 D) . It 

is paramagnetic having a doublet 2 Tr^y 2 ground state and with 

_ 1 

the lowest excited state, lying 223 cm above the 

ground state level. A calculated electronic configuration 
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2 2 2 4 1 

of NS is I 0 2a 3a Irr 2Tr , uihere the valence electrons of 
only nitrogen and sulfur are considered. A large number of papers 

related to its microujave spectra have appeared in the 

5 0“ 66 2 2 2 

literature and the excited valence states B tt, A G S , 

2 2 + 

H T[ and I E have been identified besides its ground state. 

- 1 67 

Its i.r. spectrum shooied a very weak band at 1225 cm 
(vibrational frequency of the gaseous NS molecule^^ is 
given as 1204.1 cm ). Its e.s.r. spectrum has also been 
s t u di e d . 

7 n 7 1 

Glemser, et al . ’ in 1971 obtained, for the first 

time, an ionic compound, NS AsFg by the reaction of NSF with 

AsF^. Other ionic, salt like compounds, MS SbF^ and NS BF^ 

have also been synthesized by reacting NSF with SbF^ or BF^ 

7 2*“7 4 

in liquid SO 2 in 90’/, yield or by reacting trimer or 

75 

tetramer of NSF with an excess of AsF^, SbF^ or BF^. Bfjth 

- 1 

i.r. and Raman spectra showed a band around 1435 cm assigned 
to ^|\| 3 + • Reactions of NS'^'AsF^ with NO"*" ( CF^SO^) , N^S^ and 
S 2 CI 2 yielded Ns"*"! CF^SO j) , S^N^'^AsF^ and N(5Cl2 )**'AsFg . 

Principal covalent compounds of NS are NSF, NSF^ and 
NSCl. A comparison of the positions of observed in the 

i.r. spectra of NSF ° (1372 cm ), NSF^ (1515 cm } and NSCl 
(1320 cm ) suggested that the bond order of NS in NSF is lower 
than that in NSF^ and higher to that in NSCl (Fig. 1.1(b)). 
V/arious attempts have been tried in order to establish a 
relationship between N-S bond distances ( Tj^^g) and the bond 



(mdync/A) 



Fig. 1.1b Correlation of 5-N stretchtng 
frequeneies and bond ter gths. 



F ig I .la Correidtio 

and bond lengt 
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orders (^l\is) in uarious covalent compounds (Fig. 1.1(a)) to 

characterize NS bond in NSF, NSF^ and NSCl, and that resulted 

7 7 *• 8C 

in a linear relationship betireen ®nd rj^g. 

Thionitrosyl chloride [NSCI] is a greenish yellouj gas, 
readily' polymerizes to form a stable trimer, (3 NSCl 

NjS^Cl^) is highly sensitive to moisture and hydrolyses readily 


by ujater to form HNSO, NH^ and SO. 


2- 84 


NSCl + H 2 O 


HNSO + 2 H 2 O 


HNSO + HCl 
2 - 


NH^"^ + SOj 


Thionitrosyl Complexes 

Although there has been considerable interest in develop- 
ing the chemistry of thionitrosyl complexes of transition metals 
during the last five years, it is still in an embryonic state. 

This is partly due to the lack of suitable reagents that could 
have been utilized to introduce thionitrosyl group in a complex. 
Hoiuever, the present states pertaining to the bonding in thio- 
nitrosyl complexes is that these are, analogous to the bonding in 
nitrosyls, three bonding modes of thionitrosyl group ujith the 
metal ions. These are* (a) terminal linear M-N-S, (b) terminal 
bent M-N-S, and (c) bridging NS. In (a), thionitrosyl is 
coordinated as NS"*" , ivhile in (b), as NS . 

It is convenient to classify MNS complexes by { MN3 , 
ujhere n is the number of d type electrons present in the 
complex if thionitrosyl is regarded as being coordinated o/ith 
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* 4 * 

metal ion as NS . We have preferred to use this classification 
scheme in the thesis. In the folloujing paragraphs, the existing 
thionitrosyl complexes are briefly examined ujith reference to 
their existence in various coordination numbers. 

(i) Seven coordination 

15,17 

The compounds, [ Mo( NS) (S2CNR2) j] (R = Me2, £t2 , (CH2)^] 

ujere synthesized by refluxing dioxo- complexes , [ flo02(32CNR2) 2 ] 

uiith t rimethylsilylazide in presence of elemental sulfur in 

acetonitrile. It seemed likely that the reaction proceeded 

via intermediate formation of nitrido complex, [ MoN( 32 CNMe 2 ) ^ ] 

ULihich subsequently reacted luith elemental sulfur to give the 

1 

corresponding thionitrosyl complex. Its H-NMR spectrum at 

CH,CN 

[MoN(S2CNMe2)3] + [ Mo ( NS ) (S2CNMe2 ) 3 J 

room temperature in nitrobenzene shoired a triplet (1^2:5) due 

to dithiocarbamate methyl groups. Its structure is pentagonal 

bipyramid ujith a linear apical NS group, (Mo-fj“S, 172.0(7)°; 

Mo-N, 1.73 8; N-S , 1.59 S),^^ Comparison of thionitrosyl 

8 6 

complex uuith its nitrosyl analogue indicated the same M-N 
distance and M-N-X (X = S, O) angle in both the complexes. Its 
reaction ivith triphenylmethyltetraf luoroborate yielded 
[Mo(NSCPhj) (S2CNR2) 3] .BF^. These complexes have been 
desulfurized by refluxing them ivith PBUj° in toluene or 
acetonitrile to form the parent nitrido complexes. 



( ii) Six coordination 


The six coordinate complexes so far prepared are mono- 
thionitrosyls. 

Ruthenium complexes * The syntheses of tuuo ruthenium thionitro“ 

syl complexes, [ Ru( NS) C1 jL 2 J (t =PPhj or AsPh^) so far knoiun, 

haue been carried out by reacting RuCl^.xH20 irith (NSCl)^ in 

THF or in CCl^-CHCl^ mixture in presence of triphenylphosphine 

1 9 

or t riphenylarsine * 

[RUCI3.XH2O] + yCNSCl)^ + L [Ru(NS)C1^L2] 

Their i.r. spectra shoiued a strong sharp absorption band in 
“•1 

1290*1295 cm region assigned to • X-ray structure deter- 

87 

mination of arsine analogue has shoujn Ru-N-S angle to be 179°, 
suggesting NS ligand as three electron donor. Similarly, other 
six coordinated{ RuNS} complexes have also been regarded as 
the ones of Ru(ll) uiith NS'*' . 

Rhodium complexes 

Six coordinated diamagnetic rhodium complexes, [Rh(CO)- 

20 21 23 

(NS)Cl 2L2] (L = PPhj or AsPhj) have recently been synthesized ’ 
by the reactions of trithiazyl trichloride luith trans”[ Rh( CO) - 
CIL2] in THF. 

Trans-[Rh(C0)CjL2] + ^(NSCl)^ [Rh( CO) ( NS ) CI2 L2 j 

Reaction of [RhH ( CO) ( PPh^) ^ J ujith (NSCl)^ in carbon tetrachloride 
chloroform mixture yielded a deep green chlorobridged oomplex. 



[ Rh( CO) ( (\IS) Cl2( PPh^) ]2 ujhich uiith an excess of t riphenylphos- 

phine or triphenylarsine in Cri2Cl2 gave as a result of cleavage 

of chlorobri dge yelloujish orange complexes, [ Rh( CO) ( N 5 ) CI2 L2 ]- 
1 

■^CH 2 Cl 2 . Their infrared spectra shoived absorption bands in 
the range 2100-2110 cm ^ ^ "I 20 cm”^ (^|nj 3)9 330 cm”^ 

(terminal '^pj-|_g 2 ) snd a band at 260 cm ^ of the green complex 
luas assigned to the bridged coordinated 

g 

{ RhNS} complexes have been regarded as complexes between 
Rh(lll) and NS . The probable structures assigned to [Rh(CO)” 
(NS)Cl 2 (PPh 3)]2 ( 1 ) and [ Rh( CO) ( NS) Cl 2 ( PPh 3 ) 2 ] (H) are? 


Cl 


PhjP' 


'Rh' 


CO 


,C1 


cr 


(I) 


'Rh' 


Cl 


■pPh, 


CO 


Cl 


Ph,P' 




CO 

(II) 


,PPh. 


'Cl 


Reactions of [ Rh( CO) ( NS ) CI 2 L 2 ] with NOCl in CH 2 CI 2 afforded 
the corresponding nitrosyl complexes, [ Rh( CO) ( NO ) CI 2 L 2 ] . 


Rhenium complexes * Reactions of S 2 CI 2 with [ ReMCl 2 ( PRP h 2 ) 2 ] 

(P = Ph or pr^)^^ and [ ReX 2 N( PR^ ) 3 ] (PR 3 = PMe 2 Ph, PEt 2 ph or 
PN!ePh 2 j X = Cl or Br) resulted in the formation of the corres- 


ponding thionitrosyl complexes, 
[ Re( NS) CIX^ PR 3 ) 2 ] respectively. 
[ ReClN( dppe) 2 jCl ( dppe = (C^H^) 


[Re(NS)Cl3(PRPh2)2] and 

S 2 CI 2 also reacted with 
2 PCH 2 CH 2 P(CgH 5 ) 2 ) to yield 
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[ Re( NS ) Cl( dppe) 2 ]C1 and ujhich in turn reacted ujith FeCl^ or 
NH^PF^ ujith the formation of [ Re( NS ) Cl( dppe)2 ]X (X = FeCl^”, 

PFg ). The i.r. spectra of [ Re( NS ) Cl( NCS) ( PNle2P h) ^ ] and 
[ Re( NS ) Cl( PMe2ph) 2( S2CNMe2 ) ] , synthesized by treating 

[ Re( NS ) CI2 ( PMe2 P h) j ] ujith KCNS and Na(S2CNMe2) respectively, 

-1 

shoujed a single strong band in the region, 11 67-1185 cm 
suggesting the presence of coordinated NS"^ group in these 
complexes. X-ray crystal structure analysis of the analogous 
nitrosyl complex, [ Re( NO) Cl2( PMe2Ph) ^ shouued Re-N-0 angle, 

178.8 (1 .4)° indicating the possibility of linear Re-N-S group 
also in the thionitrosyl analogue. 

Osmium complexes * [OSCIX2NL2], (L = AsPh^, Pfle2(C^H2) or 

2 ,2 ’-bipyridyl) reacted ujith half an equivalent of S2CI2 aiith 

the formation of thionitrosyl complexes, [ 0 s( NS) CIX2 L2 ] , (X = 

Cl, Br) . [ 0s( NS ) Clj( P y) 2 ] ujas prepared by adding pyridine 

(Py) to a Ch2Cl2 solution of the product of the reaction 

betuieen [ NBu^][ OsCI^N] and S2CI2. [ 0s( NS) 01^12 J (L = PPhj or 

AsPh^"*^ have been synthesized by reacting (NSCl)^ ujith 

OSCI2.XH2O in THF in presence of triphenylphosphine and tri- 

phenylarsine. A band of medium intensity iras observed in their 

- 1 

i.r. spectra in the range, 1270-1295 cm indicating the 

*4* 

presence of coordinated NS group. 

Iridium complexes * Until recently, only one reddish broujn 

thionitrosyl complex of iridium, [ I r( CO) ( NS ) Cl2( P Ph^ ) 2 ] has 

been synthesized by reacting (NSCl)^ in THF uiith [ I r( 00 ) Cl( PPh^j 2 ] 9 
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“• 1 

ULihose i.r. spectrum shoaied absorption bands at 2050 cm 
“* 1 

and 1110 cm Shift in the position of o'qq towards 

higher frequency (2050 cm "' ) in [ I r( 00} ( NS ) Cl 2 ( P Ph^ ) 2 j is 
reasonable for iridium(lll) system and. is possibly influenced 
by the strong primarily K-oonding trans effect of the trans NS” 
g roup . 

Reaction of (NSCl)^ with [ I r( 00 ) Cl( PPh^ ) 2 ] in oxygen 
atmosphere yielded a bright green oompound, [ I r( 00 ) ( NS 0 ) 0 l 2 “ 

( PPhj) 2 ] which was the first thiazate complex to be synthesized. 
Howeuerj the same compound was also obtained by reacting 
[lr(C 0 ) 0 l( 02 )(PPh 3 ) 2 ] with (NSOl)^ in THF.®^ 

Fjue Ooordination 

The reactions of (NSOl)^ in THF with [RhX(PPh^)^] (X =01 

Q 'I 

or Br) or by passing OI 2 gas in a solution of [ Rh( NS ) ( PPh^ ) ^ ] 

resulted in the formation of five coordinated species having a 

general formula, [ Rh( NS ) 01X( PPh^ } 2 ] (X =01 or Br).^'^ Their i.r. 

_ 1 

spectra showed an absorption band in the region 1117-1120 cm 
assigned to • These are the few among the rather relatively 

less known five coordinated complexes of rhodium in '*•3 oxidation 
state. 

Four Ooordination 

. Reaction of (NSOl)^ with Na[(^^- 0^ ) 0 r( 00) ^ ] in THF resul- 

c no 

ted in the formation of [ (^ - O^H^) Cr( 00 ) 2 ( NS) ] whose i.r. 

spectrum showed three bands attributed to terminal 00 and N5 

92 93 

groups. The crystal structure exhibited its molecular geometry 



to be the same as those of [ (^^" ) Mn( CO) ^ and [(n^-C^H^)“ 

C r( CO ) 2 ( NO ) with bond lengths Cr-N, 1,694(3)", Cr~C(0), 

1.883(3); C-0, 1.131(3); N-S, 1.551(3) and bond angles Cr-N-S, 

176.8(2)°; Cr-C-O, 178.1(2)°; C( O) -C r~C( O) , 92.4(2)°; and 

C(0)'“Cr-N, 94 . 8 ( 1 )°. The bond lengths of Cr“C(Cp), Cr~C(0) and 

C-O are comparable to those found in other cyclopentadi enyl 

chromium carbonyls. The value of Cr-N~S angle (176.8(2)°) 

suggested that NS ligand in the complex is essentially linked 
Hh 

as NS . It was obvious on comparing the spectroscopic proper- 
ties of [ (T]^-CjH^ ) C r( C 0 ) 2 ( NO)] wi t h its thionitrosyl analogue 

95 

that the NS ligand is a better TT-acceptor than NO. Reactions 
of [(71^-C5H5)Cr(C0)2(NS)] with NOCl and NOPF^ yielded nitrosyl 
complex, [("n^-C^Hg ) Cr( N 0 ) 2 Ci] and nitrosyl-thionitrosyl complex, 
[(^?^-C 5 H 5 )Cr(C 0 )(NS)(N 0 )]PFg respectively.^^ 


Nitrosyl Complexes 

Bonding Modes of Nitric Oxide in Transition Metal Complexes 

Nitrosyl group in transition metal complexes is generally 
considered to be bonded through nitrogen. Although substan- 
tial evidence have accumulated for metal-nitrogen coordination, 
there are still a few cases where there exists a possibility of 

97 

linkage of metal atom through oxygen. Three principle bonding 
modes in nitrosyl complexes are as follows^ 
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I . Linear Complexes (l^-N-O bond angle 175-180 degrees) 

Complexes in group I are characterized by (i) linear 
M-N-0 linkage* (ii) short M-N bond lengths and (iii) little 
or no trans influence of the NO group. In these complexes, 

NO group acts as an electron donor (Leiuis base) tou/ards transi- 
tion metals and is formally considered to be coordinated as 
NO . The nitrogen atom is sp-hybri di zed , donating its lone- 
pair of electrons to the metal and accepting electrons into its 

unoccupied tt* orbitals from the occupied metal d orbitals. 

1 99—1 01 

Energy leuel diagrams for { RuNOI complexes are given 

in Fig. 1.2. The multiple bond character of the M-N bond is 
in agreement ujith the observed short fl-N distances. 

I I . Bent Complexes (fl-N-O bond angle 120-125 degrees) 

The characteristics of group III nitrosyl complexes are 

strikingly different from those of group I. Group III complexes 

have (i) M-N-O bond angle near 120 degrees, (ii) longer M-N 

bond lengths and (iii) a large trans influence of NO group. 

Here nitrosyl group is acting as a a-electron acceptor (L eiiiis 

acid) and is formally considered to be coordinated as NO . 

M-N-0 angle of 120 degrees would be anticipated since N atom 
2 

is sp hybridized. 

III. Intermediate Comdexes (M-"N-0 bond angle 125-175 degrees) 
The complexes in group II have M-N-O angles that are 
significantly different from ISO and 120 degrees. Several 
reasons have been put forward for the observed bond angles 



and in general the subject is still not liiell understood. A 
typical example of such complexes is [ Rul ( CO ) ( ( P) 2 ( NO) ] , 

ujhere Ru-NO bond angle ujas found to be 159(2)°. This behaviour 

ujas explained on the basis of its highly distorted TBP 

, 110 
geometry . 

M-N“0 bond angles of all the nitrosyl complexes with 
known structures lie in the range 120-180°. Table 1.1 presents 
a list of linear and bent nitrosyl complexes of ruthenium with 
various structural parameters, 

112 

Eight rules have been formulated by Ibers for predict- 
ing the geometry of nitrosyl complexes. These are, 

i) Without the assistance of special ligands first row 
transition metals usually do not have enough reducing power by 
themselves to bend the nitrosyl ligand; second row metals 
often do, and third row metals usually do. 

ii) The number and size of bulky ligands play an important 
role; they usually go in the least storically hindered posi- 
tions^ with one such ligand present, it usually occupies the 
nonaxial position. With two present, both are usually trans to 
each other and occupy the axial sites in TBP and nonaxial sitos 
in SP. With three present, the SP geometry is usually not 
found, and all three would occupy the nonaxial sites in TBP. 

iii) Strong Ti-accoptor ligands such as CO and NO (linear) 
and also c-donor ligands with large trans effects, such as H 
and NO (bent), prefer not to be trans to each other in an-y 



Table I . 1-* Structural parameters for { RuNO} (six coordinated) and {RuNO} (fi? 
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combination, if possible. 

iu) Re and probably W and f’lo , that form strong metal 
nitrogen multiple bonds and prefer ligands that are good 
n-acceptorsj retard the bending of the attached nitrosyl group. 

v) Bidentate ligands such as t et ramethyleth ylenedi ami ne , 

1 ,1 O“phenanthroline, 2 ,2 bipyri dine , o - phenylenebis( dimethyl- 
arsine) and 1 ,2-bis( diphenylphosphine) ethane usually favour 
TBP geometry. 

vi) Special multidentate ligands can promote one geometry 
over another, HC( CH 2 PPh 2 ) -^ stabilizes the TBP geometry ujhile 

t etraphenylporphyrin stabilizes the SP geometry. 

vii) Ligands, that deactivate the metal by removing 
electron density from it and thereby decreasing its reducing 
poujer, favour the TBP geometry and the converse is also true. 

viii) If the integrity of the nitrosyl ligand is main- 
tained, all 20 electron systems must have bent nitrosyls. All 
six coordinate 18- and 17-electron nitrosyl complexes have 
linear nitrosyl ligands. Six coordinate 19-electron systems 
probably have partially bent NO ligands with FI-N-0 angles 
distinctly larger than 120°. All 16-electron systems have 
linear nitrosyl ligands. 

1 05 

Ibers, after examining several hundred nitrosyl 
complexes has, however, proposed a set of rules relating the 
position of end the mode of bonding in the complexes. 
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113 114 

Attempts have also been made ’ to assign bent or linear 


structures on the basis of Ai/ (difference betmeen 


M-NO _ . 

'"no 

and ^ ). The values of A'v for complexes containing linear 

NO 

nitrosyl and those having bent structure lie in between 36 to 

- 1 “1 

44 cm and 25 to 28 cm respectively. The value of for 

115 116 

nitrosyl group bridging between two metal atoms * 

--j 

occurs around 1500 cm or slightly below. The coordinated 

2 - -1 -1 

hyponitrite, ^12*^2 absorbs around 1185 cm , 1 045 cm and 


9 30 cm 


-1 117-119 


General Chemistry of Ruthenium Nitrosvls 

Several reviews on the general chemistry of nitrosyls 

1-14 120 121 

are available in the literature. ’ * Some important 

6 7 8 

aspects pertaining to the chemistry of {RuNO} , {Rul\lD} , [RuNO] 

1 0 

and {RuNO} have been summarized in the following paragraphs* 
{RuNO}^ complexes! 

{RuNO}^ complexes so far synthesized are mononitrosyl , 
six coordinated with essentially linear Ru-N-O group. Table 
1.1 gives structural details of a few complexes illustrating 
these generalizations. Molecular orbital theory indicates 
that in six-coordinated, linear [RuNO}^ complexes d (Ru) + 
Tr*(N0), dy^(Ru) + 7T*(N0) and d^y(Ru) orbitals should be the 
filled ones (Fig. 1-2), with antibonding d^2(Ru)-n(N0) , 
d ( Ru) -7T*( NO) , d (Ru)-3t*(N0) and d 2« orbitals 

empty. 101 ,122 124 uiith the simple Ru(ll)-N0"*' approach. 
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Energy level diagram for linear 
{RuNO} complexes. 
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potential electrophilic behaviour at. 1\1 and nucleophilic at 0 

are anticipated. Despite the success of molecular orbital 

theory in explaining and correlating the l^l-NO angle o/ith the 

electronic state of the complex, it is difficult to predict the 

structures and reactivities of nitrosyls, uihich can be easily 

predicted from their vibrational spectral studies than any 

other technique. Haymorej et al . have concluded that the correc- 

ted frequency, of linear nitrosyls {RuNO}^ vuill be greater 

“1 

than 1620 cm as compared with that of bent nitrosyls which 
will be less than 1610 cm . * 

99 

The technically difficult method of Ru Flossbauer 
spectroscopy has been applied to provide information on the 
bonding in {RuNO}^ complexes. Investigations [ Ru( NH^ ) ^ ( NO) , 

[ Ru(CNj5(N0) [RuCI^CNO)]^”, [ Ru( NCS ;5 ( NO) , [ RuB r 5 ( NO) ]^“ 

and trans“[ Ru(0H; ( NHj) NO) have indicated negative 

isomer shift when a ligand in is replaced by NO, 

which suggested increased S-electron density on ruthenium 
atom. 

Although the studies by ESCA of NIs and 01 s binding 
energies provided useful information about the electron density 
in the {MN0}group, because of the difficulties in sample pre- 
paration, and relatively less studies made on these complexes 
by this technique, the latter is unlikely to supplement the 
simple i.r. method of deciding between linear and bent 
nitrosyls. All the complexes studied including {RuN0|^ 
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133 

system have NIs binding energies close to 400 e\i and these 
studies further suggested that the difference betujeen NIs and 
01s binding energies of the bonded NO group can be used to 
distinguish between linear [(Nls)-(Ols) 132 e\J ]and bent 
[(NIs)-(OIs) 129 eV ] groups. 

The important reactions of ooordinated nitrosyl group 

1 4 

have been reviewed by McCloverty. A new monogl yci nato 

nitrosyl complex of ruthenium(ll) , K[ Ru( gly)(0H) NO) j was 

isolated by the use of ion exchange resin from the products 

formed as a result of the reaction between [ RuCl ^ ( H 2 O ) ( NO) ] 

1 35 

and glycine. The synthetic route for obtaining novel 

dinuclear nitrosyl ruthenium( I I ) complexes [RuX 2 (N 0 XR(Et 0 )P 0 )- 
(R(Et0)P0H)]2, (X = Cl or Br*, R = OEt or OPh) by refluxing 
RUCI 2 .XH 2 O or RuBrj.xH20, p-MeCgH^S02 NMe( NO) and excess of 
(EtD)^P in dry EtOH*^ was explained through the forma- 

tion of an intermediate [ Ru( NO) Clj( P( OEt) j) 2 ] • Substitution 

reactions of [ RuCl^( NO j L 2 ] (L = AsPh^ or SbPh^) have been 

1 3 8 

reported with different ligands which proceeded via disso- 
ciation mechanism with tho formation of an intermediate, 

[ RuClj( NO) l]. Kinetics and mechanism of the anchoring of 
[ RuClj( NO) ( SbPh^) 2 llto polymer bound phosphinic ligands have 
been studied. The structure of [ Ru( NO) ( Et2S0) Br ^ ]2 
obtained"'^^ from [ Ru( NO) L 2 Brj] (L = dialkyl or aryl-alkyl 
sulfide or selonide) in diethylsulf oxi de, has been determined 
crystallographically. Reactions of [ RuCl 2 ( PPh^)^ ] with 

[ Co(N0)( DMGH) 2 (MeOH) ] yielded [ Ru( NO) Cl^( PPhj) 2 ] and 
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[Ru(N0)2(PPh3)2]-^^°*^^^ 

[ Ru( NO) ( NH3) ^Cl] CI2 u;as obtained by the chlorination 
*1 ^ 2 . 

of [ Ru( NH3) g]Cl2. The chloride bonded directly to metal 
ujas metathetically exchanged by acetate and cyanate ions. 
Nitrosyl group in [ Ru( NO) ( NH3)3]X3 (X = Cl, Br or l) can be 
reduced to N2O by reacting luith hydroxylami ne to form 
[ Ru( N2O) ( NH3)3]X2 from uihich N2O can further be eliminated 

1 43 

by its oxidation u/ith Ce(l\i). 

The aqueous solutions of [Ru(NO)X 33'^ (X = Cl, Br or I) 

1 44 

at pH 0 — ^ 14 oiith or ujithout oxygen have been photolyzed 
to [Ru(H 20)X3] and NO. [Ru(N 0)C13] reacted uith barbituric 
acid (H2L) to yield^^^ [ Ru( NO) ( LH)2Cl3]^' and [ Ru( NO) ( LH) 5 ]^" 

[ Ru(NQ) ( AsPh3)(Ph3AsO)Cl3] has been synthesiz*ed by passing 
NO through [ Ru( AsPh^) 2( Ph^AsO) Cl^]! Reaction of 
[ Ru(N0)(bipy)2X]^‘^ (X = Cl or NO2) uuith PhNRMe (R = H or Me) 
pro duced^ [Ru(bipy)2 C N(=0) C^H^NRMe} X]"^ ion. 

1 48 

A series of neui di t hiocarbamato complexes, trans- 
[Ru(N 0)(S2CNRR*)2C1] (R = R> = Me, Et; R = Me, R’ = Ef, R = 

Me, R* = Ph) , trans-[Ru(N0)(S2CNMe2)20HJ .MeOH, trans-[Ru(N0)- 
(S2CNMe2)2(H20) ][BF^], trans-[ Ru( NO) (S2CNMe2)2 •MeOH][ PF^J , 
ci s“[ Ru( NO) ( S2CNMe2 ) 2^] = F, Br,-I, NO2) have been reported. 

Nitrosylation of [Ru(CN)g]^ ujith HNO3 resulted in the forma- 
tion of [ Ru( NO) ( CN) 3(H20)2]1'^^ The synthesis of potassium 
salt of [ Ru( OCH2CO2) 2 ( oh) ( no) ] has been carried out by reacting 
[ RuCl3( H2Q)2( t'iO) ] with glycolic acid. A review discussing the 
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contribution of polarography to some problems of reactivity 

150 

and structure of nitrosyl complexes has recently appeared. 

7 

{RuNO} Complexes 

7 

The synthetic route to obtain complexes of [RuNO} 
system is through one electron reduction of {RuMO}^ complexes. 
Thus, [ RuX( bipy) 2 ( NO) (X = Cl , for n=2; X = pyridine, 

CH.^CN or NH^ for n=5) have been reversibly reduced chemicelly 

7 

(l ) or electrolytically to give the corresponding [RuNO}' , 

[ RuX( bipy) 2 ( NO) ^ complexes of oihich [ RuCl( bipy)2N0]l and 

[ Ru( CH jCN) ( bipy) 2 ! NO) ][ PF^] u/ere isolated as soli ds 
The interesting part of this aiork has been that uihile all 
physical measurements (i.r., e.s.r., ESCA, Mossbauer, electronic 
spectroscopy and electrochemistry) indicated extensive dTr(Ru;- 
rr* (no) overlap in [ RuNO} complexes, they at the same time also 
indicated that the added electron entered a molecular orbital, 
mainly located on NO ligand uuhich must be d ( Ru)--TT*( NO) or 

X z 

dy^( Ru)“‘T*( no) antibonding orbital (Fig. 1.2) ujhich should 
therefore result in significant bending of {RuNO} group. 

{ RuNO} ^ Complexes 

6 8 

If tujo electrons are added to [ RuNOJ to form {RuNO} 

complexes, they should occupy either d 2'"n(N0) or d ~Tr*(N0) 

~L. X 2 

9 8 

antibonding orbital^ (M.D. diagram. Fig. 1.2). The conse- 
quences of uuhich uuill be^ (I) bending uuill be strongly 

8 8101122 

favoured in case of six coordinated [RuNO} complexes * ’ 
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and (2) if the complexes formed are fiue coordinated (more 

likely, since d^2( Ru)-n( NO) is stabilized by the loss of the 
8 

sixth ligand) TBP geometry luill be associated uiith linear NO 

and SP, with bent NO. Some of the rules for predicting the 

0 

geometry of pentacoordinate { RuNO} complexes have been given 

99 101 112 

by Haymore and Ibers. * * The important reactions of 

8 13 
{ RuNO} complexes have been revioiued by Bottomley. One of 

P 

the important {RuNO} complexes, [ RuCl( PPh^)2(l^ O) ] reacted 
with a number of reagents, e.g., aci dchlori des , alkynes, 
olefin, o-quinone, 1 ,2“ benzoquinone , 9 , 1 0- phenanthroli ne , 
to s ylchlo ri de , HCl, CO, 3O2, O2 s etc, to produce six coordi- 
nated products. The reaction of [Ru('n “C^H5)(PMej)2Cl] with 
NOPFg gave [ Ru(n^- C5 ) ( PMe^ ) 2( NO) ][ PF^] . ^ ^ ^ 

[Ru(N0)(A)2]‘^ (a = DPE, Ph 2 PCH 2 CH 2 PPh 2 or DPP, Ph 2 PCH 2 ‘- 

CH 2 CH 2 PPh 2 ) have been electrochemically reduced to form 

{RuNO}^ and {RuNO}"'*^ complexes. [ Ru( NO) ( DPE )2 ]”*" ({RuNO}^ I 

1677 cm’^) produced [Ru(N 0)(DPE)2I1( {RuNO}^; , 1432 cm" 

and [Ru(N0)(DPE)2]" ({RuN 0}^°; 1430 cm "^ ) in two one - 

152 153 

electron reductions. * In this system of reduction from 

8 1 0 

{RuNO} to {RuNO} , the difference in frequencies of was 

_ -] 

found to be 250 cm which is of the same order as that when 
+ 1 1 

free NO is reduced to NO. A phosphine molecule in trans- 
[ RuCl(N0)(PPh3)2] was Gxchanged^^^ by 2 ,1 1“bis( diphenylphos- 
phinomethyl) benzophenanthrene (L-L) to produce trans-[ RuCl( NO) 
(L-'L)] which in turn gave [ RuCl( CO) ( NO) ( L- L) ] on reaction 


with 00 in benzene. 
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1 n 

{ RuNO} Complexes 

1 0 

Only a f euj examples of ( RuNO} system are known. The 

complex, [ Ru( N0)2( PPhj) 2 ] prepared by several work ers , 

has been found to be extremely reactive and to undergo substi- 

1 3 

tution and NO transfer reactions. The product of its 

159 

reaction with SO2J [ Ru( N0)2( PPh2)2(S02) ] readily oxidized 

15 8 

to the corresponding sulfato complex. Hoffmann, et al. 

reviewed the factors which influenced the geometries and 

structures of tetrahedral, planar and related dimeric nitrosyl 

species like [ Ru( NO) 2( PPh^ ) 2 ] and [ Ru( NO ) ( PPhj) (/J- PPh^ ) ]2 • 

[ Ru(n^-CjH^)(PPh^)2(N0)] 5 another example of { RuNO)^^ system^' 

has been synthesized. X-ray data of [ Ru( NO) 2( PPh^ )2 ] showed 

its geometry to be distorted tetrahedral with linear Ru-’NO 
157 

groups. 

Bridging and Cluster {RuNO} Complexes 

[ RUj ( CO) ^ g( NO ) 2 ] the only well characterised NO bridged 

1 6 0 

complex was obtained from [Ru^(C 0)^2] and NO. Until now, 

only three nitrosyl cluster complexes of ruthenium Ru2(p‘“PPh2 )2" 
(PPh3)2)(N0)2], [Ru4(AJ-PPh2)4(y-Cl^)(N0)^] and [Ru 3(C0)2H(N0)- 
(9(01^6)3)3]"'^'' have been synthesized. 

Nitro, Nitrato Complexes of Ruthenium, Palladiu m and Platinum 

Notwithstanding a considerable advance in transition 

1 64 

metal nitrite, nitrate chemistry in I960s, great majority 
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of platinum metal nitro and nitrato complexes that had been 

identified towards the end of the decade, were largely of the 

^classical’ type in which nitro or nitrato group behaved as a 

1 65 

hard Lewis base. In recent years, however, a number of 

platinum metal nitro and nitrato complexes have been synthe- 
sized in which central metal was present in a low oxidation 

state. All the work until 1978 concerning such complexes have 

1 66 

been reviewed by Critchlow. A brief uptodate survey of 

nitro and nitrato complexes of ruthenium, palladium and platinum 
is given in the following paragraphs^ 

Nitro complexes of bi s( bipyri di ne) rutheni um( 1 1 1 ) have 
been found to be unstable with respect to oxidation of the 
coordinated nitroligand. For complexes, [ Ru( bipy)2 L( NO2) ]"*" 

(L = NHj, pyrazine, CH^CN, PPh^) and [ Ru( bipy)2Cl( NO2) ] , 
electrochemical oxidation to the Ru(lII) resulted in the 


formation of corresponding nitrosyl and nitrato complexes in 
*1 6*7 

1 ‘ 1 ratio. Coordinated carbon monoxide in [ Ru( NO) ^ ( CO) 2“ 

(PPhJ.] was converted into carbon dioxide via oxygen transfer 


' 3 ' 2 - 

from coordinated nitrite. 


179 


Palladium nitrosyl acetate 

168 


complex [ P d2 ( NO) ( CH^COO) j j2 . CH2CI2 has been prepared and 
its structure has been determined. Palladium nitro- ni trosyl 


couple catalysD the oxidation of olefin to ketones. 


1 69 


cis- 


1 48 


[ Ru( NO) ( NO2) (S2CNMe2)2] has been prepared by Feltham, et al* 

The alkylation of NO group to form [ Ru( bipy)2( Py) ( N( 0 ) OR) 

(R = Me, Et, Bu, iso-Pr) was carried out by reactions involving 

17 0 

attack of the corresponding alkoxide ions on the nitrosyl 
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IM-atom in [ Ru( bipy) 2( P y) ( NO) . Oxidation of the ligand in 

1 S'? 

nitro complexes of ruthenium( III ) has been studied. The 

reaction of SD2 ujith [ P t( N2O2 ) ( PPh^ ) 2 ] and iMO mith [Pt(PPhj)j“ 

SO2] resulted in the formation of [ Pt( NO2 ) 2( PPhj ) 2] and 

[ Pt( PPhj)^ ( 3 0 ^) ], respectively. Both these reactions have arisen 

from ready oxygen transfer reaction. [ Pt( N2O2) ( PPh^) 2(202) ] 

has been prepared and formulated as an insertion product on 

159 

the basis of i.r. and chemical studies. Bhadurij et al , 

studied in detail the reactions of carbon monoxide with 
trans-[M(N 02 ) 2 L 2 ] = Pdj L = PEt2Ph, PEt^j M = Ptj L = 

PEt2Phj PEtj, PBUj), The palladiumi and platinum complexes 
gave [1^(00)202] and subsequently higher clusters like 
[Mj(C 0 )^L^], except for [ Pt(PEt^)2( NO2) 2] in which case 
[ Pt(N 0 )(N 02 )(PEt 3 ) 2 ] and [ Pt( NCO) ( NO2) ( PEt3 ) 2 ] have been 
isolated. [ Pt( NO) ( I\103 ) ( PPh3) 2 ujas prepared by the reaction 
of N20^ with Pt(PPh3)^ in toluene. [Pi(NO)(N03)(PPh3)2] 
reacted with O2 to give t rans-[ Pt( NO^ ) 2( PPh3 ) 2]^ ^ 

Palladium and Platinum Nitrato Complexes as Catalyst 

The insertion of an olefin into a metal-hydride bond is 
thought to be one of the key steps in the catalytic addition 
of hydrogen to an unsaturated bond. The insertion of ethylene 
into platinum-hydrogen bond was first noted in the case of 
trans-[ PtHCl(PEt3)2] by Chatt,'^'^'^ yielding t rans-[ P t( C2H3 ) Cl- 
(PEtj)2] under relatively extreme conditions (368 K , 40 atmos- 
pheres), On substituting chloride by nitrate, it has been 
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found that the ease of insertion could be considerably 

increased. For example, trans-[ PtH( NO^ ) ( PPh 2 Me) 2 ] 

formed t rans-[Pt ( C 2 H 5 XNtJ^ ) ( PPh 2 Me) 2 ^ ^ ^ at room temperature. 

Trans-[ PtH( NO^) ( PPh 2 Me) 2 ] catalyzed controlled oxidation of 

17 4 

(CH2=CHCH2)20 to propaldehyde [ P d( fieC02 ) ( NO^) (2 ,2 bipyri- 

dyl)] has been found to catalyse the aceto xylation of chloro- 
17 5 

benzene. Palladium( I I ) nitrate and PPh^ in the molar ratio 

1 haue been shou/n to catalyse the reactions of Schiff bases 

ujith 1,3-butadiene to yield a uinyl-substituted pip eri di ne 

34 

ujhile in acetic acid solution the same system in the molar 
ratio 1‘1, catalysed allene polymerization. 

Cyclic I,., Itommct ri c Studie s 

Electrochemical behauiour of nitrogen oxides have been 

37-42 

studied by a number of utorkers in different solvents but 

those of the thio- analogues have not yet been taken up. 

Although a feuj reports are availablo on the electrochemical 

1 7 17 8 

behaviour of no report is available for tri- 


thi azyltrichlori de 
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CHAPTER II 


INTERACTION OF TRITHI AZYLTRICHLORI DE 
WITH RUTHENIUM COMPLEXES 

During the past feiu years there has been an upsurge in 

1-4 

the study of transition metal nitrosyl complexes and their 
5 6 

reactions. ’ Although the literature is replete ujith such 
studies, the ujork on their thioanalogues is practically in rudi- 
mentary state possibly oming to the lack of a suitable thioni- 
trosylating agent. A feuj thionitrosyl complexes uihich are knoiun 

until recently, have been synthesized either by the reactions 

of elemental sulfur, propylene sulfide or disulf urdichloride 

7-9 

uith coordinated nitrido ligands or by the reactions of 

trithiazyltrichloride ujith Na[(71^-C^Hj)Cr{C0)^]'^*^ and uith 

ruthenium, osmium, rhodium and iridium ions or complexes in 

presence of triphenylphosphine and triphenylarsine in tetrahy- 

drof uran.'^ ^ X-ray studies of [ (^^- C^H^ ) C r( CO) 2 NS]”* ^ ^ 

1 4 

an d [Mo(NS)(S2CNMe2) haue indicated the mode of bonding 

of thionitrosyl group as terminal, linear NS ujith M-N-S angle 
176.8(2)° and .172.0(7)° respectively. No report has, hooiever, 
appeared of a complex with tu/o NS or one nitrosyl and one 
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thionitrosyl groups bonded to the same metal ion except a 
u/ater sensitive complex [ Cr(C0XN0) ( l\IS)][ 

insoluble in most of the solvents. The present chapter 
describes syntheses, characterization and reactions of a feui 
novel thionitrosyl complexes of ruthenium(ll ) . Their geome- 
tries have been proposed on the basis of results from various 
physicochemical studies. 

EXPERIMENTAL SECTION 

All the reagents used ojere Analar or of chemically pure 
grade. The solvents luere freshly distilled before use. Every 
reaction ujas carried out under pure, dry argon. 

Trithiazyltrichlori de, nitrosyl chloride, nitrosyl 

bromide, nitrosyl tribromide, dinitrogen trioxide, dichloro- 

t ris( t riphenylphosphi ne) ruthanium( I I ) , tri carbonyl- bi s( tri- 

phenylphosphine) ruthenium( O) , carbonylchlo rohydri do-tris( tri- 

phenylphosphine) ruthenium(ll ) and tribromo-tris( triphenyl- 

arsine) ruthenium( I I I ) luere prepared according to the methods 

17-24 

described in the literature. 

Preparations of Complexes and Their Reactions 

( i) Pi c hi orodi thionitrosyl bis( triohenvlphosphine) rutheniumC II ) 
Pi chi oro methane , [ Ru( NS) 2 Cl 2 (PPh 2 ) 2 ]*CH 2 Cl 2 

A solution of (NSCl)^ in THE (30 ml) iras added dropujise 
oiith stirring to 20 ml of a solution containing 0.8 g of 
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RuCl 2 (PPh^)^ in chloroform at room temperature. After the 
addition of (NSCl)^ mas complete (30 min) 35 ml of dry THF 
ujas added to the solution and the stirring oias further conti- 
nued for about four hours. The resulting solution mas almost 
dried under reduced pressure follomed by extraction of the 
residue mith dichloromethane. On addition of dry petroleum 
ether (60-80°) to CH 2 CI 2 extract, a bromnish yellom complex, 

[ Ru( NS) 2 Cl 2 ( PPh^) 2 ] •CH 2 CI 2 , mas precipitated mhich mas 
centrifuged, mashed several times mith hexane and dried under 
vacuum (yield, 45/.). In case recrystallisation of product 
mas carried out mith the solvent, S (S = CHCl^ or CHBr^) , the 
solvated product mas analyzed as [ Ru( NS ) 2 Cl 2 ( PPh 2)2 J • S . 

( ii) Dichloromononitrosyl-monothionitrosyl bi s( triphenylphos- 
phine) ruthenium, [ Ru( NO) ( NS) Cl 2 ( PPh^ ) 2 . 

15 ml of a saturated solution of nitrosyl chloride in 
dichloromethane mas added to 10 ml of dichloromethane solution 
of [ Ru(NS) 2C12( PPhj) 2 ] .CH 2 CI 2 containing 0.5 g of the 
complex. The mixture mas stirred for about 10 min. and concen- 
trated to about 10 ml under reduced pressure. On addition of 
hot methanol (25 ml) to the resulting solution glistening 
bromnish orange plates of [ Ru( NO ) ( NS ) Cl 2 ( PPh^ ) 2 ] 'JJer e separated 
mhich mere centrifuged, mashed mith methanol, ether and dried 
under vacuum. It mas recrystallized from dichloromethane- 
methanol (1*3). Yield of the complex mas increased by adding 
nJO.2 g triphenylphosphine to the reaction mixture. 
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(iii) Monobromo monochloro mononi trosyl monothionitrosyl bis( t ri~ 

phenyl phosphine) ruthenium, [ Ru( l\ 10 )(NS)ClBr(PPhj) 2 ] 

The compound mas prepared by a procedure similar to that 
given for [ Ru( NO) (NS)Cl 2 (PPh 2 ) 2 ] in (ii) except that 5 ml 
solution of nitrosyl bromide or nitrosyl tribromide (^. 2 1^) 
ujas used in place of nitrosyl chloride. An orange bromn 
glistening plates of [ Ru( NO) ( NS) ClBr( PPhj) 2 ] mere centrifuged, 
mashed mith methanol, ether, and dried under vacuum. It mas 
recrystallized from dichloromethane-methanol (1^3). 

( i v) Dichloromonobromomonothionitrosyl bis( tri phenyl ar sine) - 
ruthenium( II ) , [Ru(NS)Cl 2 Br(AsPh,) 2 ] 

A solution of (NSCl)^ in THF (30 ml) mas added dropmise 
mith stirring to 30 ml of a solution containing 0.8 g of 
[ RuB r j ( PP h^ ) ^ 3 CHCl^ at room temperature. After the addi*- 

tion of (NSCI)^, the mixture mas stirr:^d for another tmo hours. 
The resulting solution mas almost dried under reduced pressure 
follomed by the addition of petroleum ether (60-80°). The 
precipitate thus obtained mas centrifuged, mashed several 
times mith hexane and dried under vacuum. The dried complex 
mas further mashed several times mith mater and dried under 
vacuum at 40 C. 

Di~P~chloro bi s[ ( carbonyl bi s( t riphenylphosphine) thioni- 
t rosyl) ] ruthenium( I I ) Dichloromethane, [ Ru(CO) ( NS) Cl- 

TPPh^T^lJTcH^Cl^ — 

A solution of (NSCl)^ in THF (20 ml) mas added dropmise 
mith stirring to 40 ml of a solution containing 0.6 g of 
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[ RuHCl( CO) ( PPhj) j] in CHCl^ at room temperature. After the 
addition of (NSCl)^ u/as complete the mixture uias further 
stirred for about tuio hours. The solution thus obtained ujas 
almost dried under reduced pressure and petroleum ether (60~ 

80°) luas added. The crude product mas recrystallised three 
times from CH 2 Cl 2 -hexane (1^3). 

(ui) Reaction of Trithiazyltrichloride mith tricarbonyl bis(tri “ 
phenylphosphine) ruthenium(O) 

A solution of (NSCl)^ in THF (30 ml) mas added dropmise 
mith stirring to 20 ml of a solution containing 0.5 g of 
■[Ru(C0)^(PPh3)2] in THF at room temperature. After addition 
of (NSCI)^ mas complete the mixture mas further stirred for 
one hour. The solution thus obtained mas almost dried under 
reduced pressure and hexane mas added to semidried residue. 

The resulting precipitate of cis[ Ru(C0)2Cl2(PPhj)2] was centri- 
fuged and mashed several times mith hexane. [ S^N^] mas recovered 
from the filtrate by vacuum drying. 

(vii) Reaction of [ Ru(NS)2Cl2(PPh3>2].CH2Cl2 mith dinitrogen 
t rioxi de 

Dinitrogen trioxide gas mas passed through a solution 
of [Ru(NS) 2 Cl 2 (PPh 3 ) 2 ].CH 2 Cl 2 (0.4 g) in CH 2 CI 2 (30 ml) for 
about 10 minutes. The resulting solution mas concentrated 
under vacuum to about 10 ml'follomed by addition of hot methanol 
( ca. 30 ml). Orange crystals'of [ Ru( NO) Clj( PPh^) 2 ] 


mere 
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separated which were centrifuged, washed with methanol, ether 
and dried in uacuum. 

(uiii) Reaction of [ Ru(NSj 2 Cl 2 (PPhj) 2 ] •CH 2 CI 2 with nitrosyl 
chlori de 

20 ml saturated solution of NOCl in dichloromethane was 
added to 15 ml of a stirred solution of [ Ru( NS) 2 Cl 2 (PPh 2 ) 2 ] • 
CH 2 CI 2 (D.2 g) in CH 2 CI 2 . The resulting mixture was refluxed 
for half an hour and the solution was concentrated on a water 
bath to about 10 ml, followed by addition of hot methanol 
(30 ml) whereby the orange crystals of [ Ru(NO) Cl^( PPh^) 2 ] ujere 
separated which were centrifuged, washed with methanol, ether 
and dried in vacuum. 

(ix) Reaction of [ Ru( NS) 2 Cl 2 ( PPh^) 2 ] • CH 2 CI 2 with nitrosyl 
bromi de 

10 ml solution of NOBr 2 M) in dichloromethane was 

added dropwise to 15 ml dichloromethane solution of [Ru(NS) 2 C 12 
( PPh ^) 2 ] • CH 2 CI 2 (0.3 g) , The reaction mixture was refluxed for 
about half an hour followed by addition of hot methanol (50 ml) 
Orange crystals of [ Ru(lM 0 )Cl 2 Br(pPhj) 2 ]ujere separated which 
were centrifuged, washed with methanol, ether and dried under 
vacuum. 

(x) Reaction of [ Ru(NS) 2 Cl 2 (PPh^) 2 ].CH 2 Cl 2 with nitrosyl 
tribromide 

Orange brown glistening plates of compound [Ru( MO j ClBr 2 “ 
(PPhj) 2 ] were obtained by a procedure similar to that given 
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for [ Ru(N0)Cl2Br(PPh^)2] in (ix) except that 10 ml solution of 
nitrosyl tribromide (^. 2 M) ujas used in place of nitrosyl 
bromi de. 

(xi) Reaction of [ Ru( NS)2Cl2 ( PPh^) 2] . CH2C I2 uiith X2 ( X2 = CI2, 
Br2 or l 2 )j 

(a) ujjth chlorine* Dry chlorine gas oias bubbled through a 
solution (15 ml) of [ Ru( NS )2Cl2( PPh^) 2 ] • CH2CI2 ( 0.2 g) in 
dichloromethane for 10 minutes and the solution o/as allotued 
to keep for an hour. On addition of hexane to it, original 
compound [ Ru( NS)2Cl2( PPh2)2]CH2Cl2 .XCI2 u/as precipitated out 
ijjhich mas mashed mith hexane and dried in vacuum. 

(b) mith bromine* 5 ml solution of Br2 ( 0.4 ml) in CH2CI2 mas 
added to a solution of [ Ru( NS)2Cl2( PPh^) 2 ] •CH2CI2 ( 0.2 g) in 
CH2CI2 (15 ml). The original complex [Ru(NS)2Cl2(PPh^)2]“ 
CH2Cl2.xBr2 mas isolated as above. 

(c) mith iodine* The dark bromn coloured complex [Ru(NS) 2012 “ 
(PPh 3 ) 2 ]CH 2 Cl 2 .xl 2 mas prepared by a procedure similar to that 
given in (xi(b)) except that iodine ( 0.2 g) in 10 ml of CH2OI2 
mas used in place of bromine solution. 

(xii) Reaction of [ Ru( NO) ( NS ) Cl2( PPh^) 2] mith nitrosyl chloride 

1 0 ml of a saturated solution of NOCl in CH2CI2 mas added 
to 10 ml of a stirred solution of [ Ru( NO) (NS)Cl2( PPh3)2] 

( 0.2 g) in dichloromethane. The reaction mixture mas refluxed 
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for one hour, folloiued by addition of hot methanol (50 ml) 
uihereby the complex, [ Ru( NO) Cl^( PPh^) 2 ] ujas separated out 
aihich ujas centrifuged, uj'ashed mith methanol, ether and dried 
under vacuum. 

(xiii) Reaction of [ Ru( NO) ( NS ^ Cl2( PPh^ ) 2] u/ith NOX (X = Br, 
or B r^ ) 

The orange complex [ Ru( NO) CI2B r( PPh^ ) 2 ] ujas isolated by 
a procedure similar to that given for [ Ru( NO) Cl^(PPh^)2] in 
(xii) except that 10 ml of NOBr or NOBr^ solution in CH2CI2 aias 
used in place of NOCl, 

(xiv) Reaction of [ Ru( NO) ( NS) ClBr( PPh^) 2] with NOX (X = Br, 

or B r3 ) 

Broujnish orange complex [ Ru( NO) ClBr2( PPh^) 2 j was isola- 
ted by a procedure similar to that given for [ Ru( NO )Clj( PPh^) 2] 
and [ Ru(N 0 )Cl 2 Br(PPh^) 2 ] using [ Ru(NO) ( NS) C 10 r( PPh3)2] in place 
of [Ru(N0)(NS)Cl2(PPh3)2]. 

(xv) Reactions of [ Ru(N 0 )(NS)Cl 2 (PPh 3 ) 2 ] with HCl and X2 (X2 = 
CI2, Br2 or I2) 

To a solution of [ Ru( NO) ( NS) Cl2( PPh3 ) 2 ] ( 0.2 g) in CH2CI2 
(20 ml), dichloromethane solution of X2 (X2 = CI2, Br2 or I2) 
or HCl ujas added. After alloiuing the reaction mixture to stand 
for about 2 hours it uas refluxed for about thirty minutes. On 
addition of hexane (40 ml) to.it, the starting complex 
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[ Ru(l\10)(NS)Cl2(PPh3) 2 ] ujas isolated in all the four reactions. 

(xvi) Reaction of [ Ru( CO) ( NS) Cl( PPh^ )2 ]2 ujith nittosyl chloride 

10 ml saturated solution of NOCl in CH 2 CI 2 ujas added to 
10 ml of a stirred solution of [ Ru( CO) ( NS ) Cl( PPh^) 2 J 2 o) 

in CH 2 CI 2 . The reaction mixture mas refluxed for 10 minutes 
follomed by addition of hot methanol (50 ml) whereby a complex 
[ Ru(N0)Cl3(PPh3)2] (yield, AO'/) mas separated out as a major 
product together mith a small amount of [ Ru( CO) 2 Cl 2 ( PPh 3 ) 2 ] 

( yield, 5’/. ) , 

(xuii) Reaction of [ Ru(C0)(NS)CJ^PPh3)2]2 i^ith NOX (X = Br 
or Br3 

Brownish orange complex [Ru(N0)C18r2(PPh3)2] (yield, 

20*/. ) mas isolated by a procedure similar to that given for 
[ Ru(N0)Cl3(PPh3)2] using NOBr or N0Br3 in place of NOCl 
together with [ Ru( C0)2Br2( PPh 3 ) 2 ] (yield, 1 0 /, ) . 

(xviii) Reaction of [ Ru(N5)2Cl2(PPh3)2] .CH 2 CI 2 with H 2 O 

[ Ru( NS) 2 Cl 2 ( PPh 3 ) 2 ] • CH 2 CI 2 (0.3 g) mas stirred mith 
40 ml of water for 3 hr, obtained dirty green compound mas 
centrifuged, washed several times mith water, dried in air 
and recrystallised with dichlcromethane-hexane ( 1 : 3 ) to get 
pure [Ru(NS0H}(NS)Cl(PPh3)2].7'^^2^^2* 
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Analyses and Physico-Chemical Measurements 
Analyses * 

Carbons hydrogen and nitrogen analyses in the complexes 
luere performed by the Microanalytical Section of the Indian 
Institute of Technology, Kanpur, India. 

The percentage of sulfur in samples luere determined by 
first heating the complex irith NaMO^ and NaOH (8 times and 
64 times, respectiuely , of the amount of sample) in a nickel 
crucible for about 10 minutes. The cooled residue aias extrac- 
ted ujith water and acidified with HCl. It was filtered and 
sulfur was estimated as barium sulfate in the filtrate. 

The analyses of the complexes for halogen and phosphorus 

25 

were carried out by the standard methods. The total chloride 
or bromide in the complexes was determined by fusing a weighed 
amount of the sample with 8 times its weight of NaNO^ and 
64 times its weight of NaOH in a nickel crucible for about 
ten minutes. After cooling it to room temperature the melt 
was extracted with distilled water. The insoluble impurities 
were filtered out and halide was estimated as silver halide 
in the filtrate. 

For the estimation of phosphorus and arsenic, samples 
were decomposed by sodium peroxide, sugar and sodium nitrate 
in ratio 20^1*3 in a Parrbomb Crucible. The melt was extracted 
with water and filtered. A few ml of concentrated 8280 ^ added 
to the filtrate which was slowly evaporated to sulfur trioxide 
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fumes. The resulting mixture ujas diluted uuith water and 
filtered if necessary. Phosphorus was estimated in the 
filtrate as phospho ammoni urn molybdate. For estimation of 
arsenic, the filtrate was diluted to 100 ml and 25 ml of the 
solution was taken in a 250 ml conical flask to which 40 ml 
water, 5 g sodium hydrogen carbonate and 2 ml of starch solu- 
tion were added. The solution was swirled until the sodium 
hydrogen carbonate has dissolved. It was titrated slowly with 
the standard iodine solution to the first appearance of the 
blue colour. 

Infrared and Raman Spectra 

Infrared spectra of the compounds were recorded with a 
Perkin-Elmer model-580 Infrared Diffraction Grating Spectro- 
photometer in the 4000-200 cm range. Samples were prepared 
as KBr and Csl pellets. Raman spectra were recorded on 
Ramalog Spex model-1443 using Spectra Physics Laser Power 
Source of 600 mW. 

Conductivity Measurements 

Conductivity of the complexes were measured on an Elico 
conductivity meter type CM-80 of millimolar solutions in 
nitrobenzene. All the compounds were found to be nonconducting. 

Visible Spectra 

The electronic spectra were recorded in spectroscopic 
grade dichloromethane and nujol mull using a Cary model-17 

. ^ ... 
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recording spectrophotometer. 

Magnetic Susceptibility Measurements 

The magnetic measurements uuere made using a Gouy 
balance. Mercurytetrathiocyanato-cobaltate( II ) luas used as 
a calibrant. All compounds were found to be diamagnetic. 

Melting Points 

Melting points ujere recorded on a Fisher"3ohns molting 
point apparatus. The results are recorded in Table II. 2. 

RESULTS AND DISCUSSION 

Trithiazyltrichlori de reacts u/ith dichlorotris( triphenyl- 
phosphine) ruthenium(ll) in tetrahydrof uran giving a stable 
brownish yellow solid of empirical formula [ Ru( NS ) 2 Cl 2 ( PPh^) 2 1“ 
CH2CI2. 

Pyrolysis of trithiazyltrichloride at 80°C has been known 

to result in the formation of monomeric green NSCl which exhi- 

— 1 2 6*“2 8 

bited a band due at 1322 cm in the gas phase. 

Beside trithiazyltrichloride when dissolved in donor solvents 
such as CHjCN, THF or DMF depol ymeri zes to solvated monomer 
NSCl to give mint green solution. The monomeric specie was 
also found to be present in CHCl^-CCl^. Mint green solution 
of trithiazyltrichloride exhibited a band due to o'j^g at 
1010 cm , the position of which is comparable to the one 
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- 1 

(1008 cm ) observed in the i.r. spectrum of the solid 
compound in nujol mull. Possibly the collisions betuueen 
trithiazyltrichlori de and complex molecules generates enough 
activation energy to depolymerize trithiazyltrichloride to 
monomeric species. 

Above dithionitrosyl complex on recrystallization from 
solvent/hexane (solvent = CH 2 CI 2 , CHCl^ or CHBr^) gave 
stable, diamagnetic and nonconducting solvated complexes ujhose 
analytical data correspond to [ Ru( NS) 2 Cl 2 ( PPh^ ) 2 ] • sol vent 
(Table II.1), They u/ere soluble in dichloromethane, chloroform, 
and insoluble in hexane and petroleum ether. The i.r. spectra 

of these complexes (Fig. 1 1 .1 ( 1 )) shoiued absorption bands at 

~ 1 - 1 - 1 

1300 cm , 1120 cm and 330 cm besides the characteristic 

29 -1 

bands of triphenylphosphine. The band at 330 cm ujas 

_ 'I 

assigned to terminal Ru-Cl stretching mode and ones, at 1300 cm 

and 1120 cm ^ to the coordinated NS"*" and NS "^^,16 gj^p^pg 

_ 1 

respectively. Alternatively, the band at 1120 cm could be 
due to of the coordinated triphenylphosphine oxide formed 

as a result of oxidation of PPh^ by NSCl. But this possibility 
is ruled out by the facts^ (I) that OPPh^ was not recovered 
from the filtrates of any of the reactions after removal of 
the complex, (2) that the reactions were carried out in oxygen- 
free argon atmosphere and the possibility of the extraction of 
oxygen by PPh^ from the solvent to form OPPhj is remote and 
( 3 ) that the percentages of sulfur and nitrogen in the complex 
corresponds to the presence of two NS groups. It will, further 



54 


be interesting to note that the difference in the tujo frequen- 
cies between the two bands is of the same order as that 

observed for [ Ru( NO) 2 Cl( PPh^ ) 2 ][ PF"^] cm ^ and 

•“1 30 

1687 cm ) . It has, therefore, been presumed that the 
complex contains thionitrosyl groups bonded to ruthenium one 

aw 

as NS and another as NS . However, the coupling between two 
NS groups, in the cis position to give bands due to ^agy^(\l 3 ) 
and exists, but the first formulation is preferred 

over the second one because of the differences in the reacti- 
vities of two NS groups towards various reagents e.g., NOX, 
N 2 OJ, NOBr^ or water. 


Raman spectrum of [ Ru( NS) 2 Cl 2 ( PPhj) 2 ] (Fig. II. Ill) 

•w 1 

showed bands at 1121 and 1300 cm and that of [ Ru( NO) ( NS) CI 2 " 

1 

(PPh 3 ) 2 ] at 1310 cm besides the characteristic bands of tri- 
phenylphosphine . The positions of bands in Raman spectra 
matched with those observed in infrared spectra. 


The presence of CH 2 CI 2 as solvated molecule is also 
indicated by its replacement by other halogenated molecules 
like CHCI 3 and CHBr^ when [ Ru( NS ) 2 CI 2 ( PPh^) 2 ] • OH 2 CI 2 was 
recrystallised in CHCI 3 or CHBr^ medium. The solvent molecule 
may also be introduced in the complex if the synthetic reac- 
tions were carried out in CH 2 CI 2 or CHBr^ in place of CHCI 3 . 

The reaction of [ Ru( NS ) 2 Cl 2 ( PPh^) 2 ] • CH 2 CI 2 with H 2 O 
yielded a diamagnetic dirty green complex whose IR spectrum 

_ 'I 

(Fig. II.l(4)j showed the absence of the band at 1300 cm 
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- 1 — 1 

and appearance of neui bands at 3200 cm (br), 1630 cm j 

- 1 - 1 

1280 cm and 1030 cm liihich can be attributed to coordi- 

31-33 

mated NSOH group. The results of analysis indicated its 

formulation as [ Ru( NSOH) ( NS) Cl( PPh^ ) 2 ] •'^CH2 Cl 2 ^ which 
ruthenium should be in +2 oxidation state as also euidenced 
by its diamagnetic behaviour. This suggested the nucleophilic 
attack of OH ion on the NS"^ moiety of the complex with the 
formation of NSOH. 

Reactions of [ Ru( NS ; 2 Cl 2 (PPhj) 2 ] . CH 2 CI 2 with NOX (X = Cl, 

Br or Br^) gave diamagnetic, nonconducting nitrosyl-thionitro- 
syl complexes [ Ru( NO) ( NS) C1X( PPh 3 ) 2 ] (X = 01 or Br) whose IR 

spectrum (Fig. 1 1 .1 (2)) showed the replacement of a band at1120 

- 1 -1 

cm assigned to ® band at 1 880 cm characteris- 
tic of while the position of other band due to 

. -I 

remained practically constant (1320 cm ), In case the 

coupling between the two modes of NS stretching existed, the 

-1 

position of at 1300 cm should also be changed or lowered 

slightly. The shifting of the thionitrosyl stretching frequency 

towards higher energy ('■i^j\j3 s 1320 cm ) than that displayed by 

- 1 . 

the dithionitrosyl complex (i^j\j3 » "1300 cm ) may be due to 
decrease in electron density at the metal centre which 
manifests itself in less back donation from the metal to NS 
TC* orbitals. 

The replacement of NS by NO"*" has also been reported by 
the reactions of NOX (X = Cl, Br or Br^) with [ Rh( CO) ( NS ) Cl 2 “ 
(PPh 3 ) 2 ] iri which NS is coordinated as NS to form 
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[ Rh( CO) ( NO) C1X( PPhj) 2 J (X = Cl or Br) luhere NO is coordinated 
H 5 

as NO . Further the reactions of [NSCI] uuith series of 

a» 

nitrosyl complexes having coordinated NO or NO indicated 

- 34 

the replacement of NO by NS. Possibly in these reactions 

MW 

there is an electrophilic attack of NO on NS which is 
contrary to the one by OH where the nature of attack is 
nucleophilic . 

The nitrosyl- thionitrosyl complexes [ Ru( NO) ( NS ) C1X( PPh^) 2 ] 
(X = Cl or Br) are nonelectrolyte, diamagnetic crystalline 
solids. These complexes are so stable that no reaction was 
observed with chlorine, bromine and iodine. But on refluxing 
dithio or mononitrosyl monothionitrosyl dihalide complexes 
with excess of NOCl, NOBr, NOBr^ and N20^, ruthenium nitrosyl 
complexes of the type [ Ru( NO) C1X2( PPh^) 2 ] Br) have 

been obtained. The nitrosyl stretching frequencies in 

[ Ru( NO j ClX 2 ( PPhj ) 2 ] (X = Cl or Br) were found to be in the 

3 5 

range observed for nitrosyl complexes of ruthenium( I I ) . 


[ Ru(NS)2Cl2(PPh3)2] .CH 2 CI 2 + NOX 



Room Temp, 
CH2CI2 




[ Ru(N0)(NS)ClX(PPh3)2] 
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Dithionitrosyl [ Ru( NS) 2 Cl 2 ( PPh^) 2 ] formed solvent adducts 
ujith chloroform, di chlo romethane and bromoform. The adducts 
on treatment ujith iodine, bromine and chlorine possibly gave 
charge transfer (CH 2 Cl 2 ~I, Br or Cl) complexes as indicated 
by the fact that the [ Ru( NS) 2 Cl 2 ( PPh^ ) 2 ] . CH 2 CI 2 . xX 2 ( X = I, Br 
or Cl) shouued electronic absorption bands in the same region 
(Fig. II. II) of visible spectra as the positions of bands in 
the spectra of the dichloromethane solutions of iodine, bromine 
and chlorine. 

IR spectrum of the complex [ Ru( NS) CI 2 B r( AsPh^) 2 ] shoiued 
(Fig. II. 1 ( 6 )) absorption bandsat 1295 cm and 330 cm besides 

the characteristic bands of triphenylarsine. The band at 

-1 

330 cm luas assigned to terminal Ru-Cl stretching mode and the 
one at "^295 cm ^ to the coordinated NS"*". IR spectrum of the 
complex [ Ru( CO) ( NS ) Cl( PPh^) 2]2 ( Fig , 1 1 . 1 ( 5 ) ) shoiued absorption 

bands at 2075 cm"^ , i960 cm (br), 1115 cm and 280 cm . 

-1 -1 

The band at 280 cm ujas assigned to bridging Cl, 1115 cm 

-1 -1 

to snd ones at 2075 cm and i960 cm to the 

[ Ru(C 0 )(NS)Cl(PPh 2 ) 2]2 treatment uiith NOCl, NQBr and NOBr^ 
gave monomeric species [ Ru( NO) C 1 X 2 ( PPh^) 2 ] (X = Cl or Br) as 
a major product and small amounts of [ Ru( CO) 2 X 2 ( PPh^) 2 ] luere 
also obtained. It will be interesting to note that the 
percentage yield of nitrosyl complexes vary uith the stability 
of NOX in CH 2 Cl 2 (N 0 Cl> NOBr > NOBr^) while that of dicarbonyl 
complexes in the reverse order. It could possibly be related 
to the time for which NO remains in solution. 
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Reaction of [ Ru( CO) PPh^ ) 2 ] with (iMSCl)^ gave cis- 
dicarbonyl complex [ Ru( CO) 2 Cl 2 ( PPh^) 2 1 hawing characteristic 

mm ^ *)«* *1 ^ 

i'Qg frequencies (Fig. II.lC?)) at 2064 cm and 2001 cm 
Tetrasulfur tetranitride (Fig. II.l(8)) mas also recouered 
from this reaction mixture. The reduction of trithiazyl- 

37 

trichloride to tetrasulfur tetranitride by iron and copper 
has been reported recently, but only one report^^ is available 
in which complex has been used for the reduction of (IMSCI)^. 
This novel and simple route for the preparation of is 

of importance since it is one of the most valuable starting 
material for preparing other inorganic sulfur nitrogen 
compounds . 



Table II .1 . Analytical data of the complexes 
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LEGEND TO THE FIGURES 


Fig. II. I. Infrared Spectra of the Complexes in KBr discs^ 

( 1 ) [ Ru(NS) 2 Cl 2 (PPhj) 2 ] .CH 2 CI 2 

(2) [Ru(NQ)(NS)Cl2(PPhj)2] 

(3) [Ru(N0)Cl3(PPh3)2] 

(-4) [Ru(NS0H)(NSjCl(PPh3)2] .■|cH2Cl2 

(5) [Ru(C0)(NS)Cl(PPh3)2]2*CH2Cl2 

( 6 ) [Ru(NS)Cl 2 Br(AsPh 3 ) 2 ] 

(7) [Ru(CD)2Cl2(PPh3)2] 

(8) [S4N^] 

Fig. II. II. Electronic Spectra 

(1 ) I 2 in CH 2 CI 2 

(2) Br 2 in CH 2 CI 2 

(3) CI 2 in CH 2 CI 2 

(4) [ Ru(NS}2Cl2(PPh3)2].CH2Cl2.xl2* 

(5) [ Ru(NS)2Cl2(PPh3)2] .CH2Cl2.xBr2* 

(6) [ Ru(NS)2Cl2(PPh3)2].CH2Cl2.xCl2* 

* = Nujol mull 

Fig. II. III. Raman Spectra of Solid Samples 

(1) [Ru(NS)2Cl2(PPh3)2].CH2Cl2 

(2) [Ru(N0)(NS)Cl2(PPh3)2] 




INFRARED SPECTRA 


Fig. II. 1 
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Wavelength j mju 
ELECTRONIC SPECTRA 

Fig. II. II 
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Fig. II. Ill 
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CHAPTER III 


THIONITROSYL COMPLEXES OF RHODIUM, IRIDIUM 
AND THIAZATE COMPLEXES OF RHODIUM 

During the last feuj years, some ujork has been published 

relating to synthetic and structural aspects of metal thio- 

1-11 

nitrosyl complexes in which thionitrosyl group has been 

0 ^ i Q 

shown to be terminally bonded. There is, however, only one 

report of each where (l) a bridge through thionitrosyl group 

between two rhodium atoms has been postulated and (2) thiazate 

1 3 

group coordinated to iridium. Although NSO group has been 

known in the form of organic sulphinylamines for more than a 
1 4 

century, covalent derivatives of the other elements have been 

1 5-20 

synthesized recently. Other permutations of the atoms of 

this group are known. HOSN is only briefly stable at room 

temperature, readily polymerises and forms red violet deriva- 

21 

tives LiOSN and NaOSN. This chapter describes the syntheses 
and the characterisation of thionitrosyl complexes of rhodium 
and iridium having terminal or bridged thionitrosyl group 
together with thiazate complexes of rhodium. Their tentative 
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geometries have been proposed on the basis of the results of 
various physico-chemical studies. 

EXPERIMENTAL SECTION 

All reagents used mere analar or of chemically pure 
grade. The solvents mere dried and freshly distilled before 
use. All the reactions mere carried out under pure and dry 
argon atmosphere. 

Chlo rot ris( triphenylphosphi ne) rho di um( I ) , dichloronitro- 
sylbis( triphenylphosphine) rhodium(lII ) , dibromonitrosylbis- 
(tri phenyl phosphine) rhodium(lII ) , h ydri dot etrakis( triphenyl- 
phosphine) rhodium(l) , carbonylchlo robis( tri phenyl phosphine) - 

rhodium(l), trithiazyltrichloride and NSOH mere prepared by 

21—26 

the literature methods. 

(i) Reaction of [ Rh(N0)Cl2(PPhj)2]' ivith (NSCl)^ at room- 
temperature 

30 ml of a green solution (^. 3 mmol) of (NSCl)^ in THE 
mas added dropmise to a stirring solution of [ Rh( NO) Cl 2 ( PPh^ ) 2 ] 
(0.4 gj in dry chloroform (30 ml) at room temperature. The 
resulting solution mas further stirred for about 2 hours and 
the solvent mas completely removed under reduced pressure. The 
residue mas extracted mith benzene. On addition of petroleum 
ether (60-80°) to the extract, di-i‘-chlorobis(chlorQ- 
thionitrosyltriphenylphosphine)rhodium(lIl)^[ Rh( NS) Cl 2 ( PPh^) ^2 
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u/as precipitated out uuhich uuas filtered and luashed several 

times ujith hexane and vuater. It was dried in air and recrys- 
tallized from benzene-hexane. 

(ii) Reaction of di-AJ-chlorobis(chlorothionitrosyltriphenyl“ 
phosphine) rhodium(lll) , [ Rh( NS ) Cl 2 ( PPh^) ] 2 » with triphenyl- 
phosphine 

Triphenylphosphine (0.4 g) ujas dissolved in 20 ml solu- 
tion of [ Rh( NS ) Cl 2 ( PPhj ) ]2 (0.2 g) in dichloromethane. The 
resulting solution luas refluxed for 1 hour. On addition of 
hexane to it, a red broun complex [ Rh(NS)Cl 2 ( PPh^) 2 ] ujas 
precipitated out ujhich was centrifuged, washed with ether and 
dried in vacuum. It was recrystallised from benzene-hexane 

(iii) Reaction of [ Rh( NO) Br 2 ( PPh^) 2 ] with (NSCl)^ 

30 ml of a green solution of (NSCl)^ (££• ^ mmol) in 
THF was added dropwise to a stirred solution of [Rh(N0)Br2- 
(pphj) 2 ] (0.2 g) in CHCl^ (30 ml) at 10°C. The resulting 
solution was stirred for 2 hours and solvent was evaporated 
under reduced pressure. The residue was extracted with benzene. 
On adding hexane to the extract, a brown complex di-P-thio- 
nitrosylbis( dichlorotriphenylphosphine) rhodium(l 1 1 ) was preci- 
pitated out which was centrifuged, washed with hexane, water 
and dried in air. It was recrystallized as brown crystals, 

[ Rh( NS ) Cl 2 ( PPhj ) ]2 from toluene- dichloromethane (1*1). 




(i\j) Reaction of [RhH(PPhj)^3 with (NSCl)^ 

30 ml of a green solution of (NSCl)^ ( ca. 3 mmol) was 
added dropwise with stirring to a solution of [RhH(PPhj)^] 

(0.2 g) in THF (30 ml) at 10°C. The resulting solution uias 
stirred for two hours at 10°C. Brown crystals of [Rh(NS)Cl 2 ” 
(PPhj )]2 were isolated by the procedure similar to that given 
in (iii) . 

(vj Reaction of IrClj.xH 20 with triphenylphosphine in presence of 
NO gas 

IrClj.xH20 (0.4 g) and methanol (20 ml) were heated under 
-I 

reflux for £a. hr. A stream of nitric oxide was bubbled 
through the solution. Triphenylphosphine (1.05 g) and methanol 
(10 ml) were added to the solution and the mixture was heated 
under reflux for about 1 hr. Yellow crystals of [ I rHCl 2 ( PPh^ ) ^ ] 
were separated on cooling, centrifuged, washed with a 

little water (^2 ml), methanol ('^ 2 ml) and ether ('^ 2 ml) 
and dried under vacuum. 

(vi) Reaction of (NSCl)^ with [I rHCl 2 CPPh^) j] 

A green solution of (NSCl)^ in THF (20 ml) was added 
dropwise to a stirred solution of [l rHCl 2 (PPhj) (0.3 g) in 
THF (20 ml) at 10°C. The resulting solution was stirred for 
about one hour. Solvent was evaporated under reduced pressure 
and the residue thus obtained was extracted with benzene. On 
adding hexane to the extract, a yellowish brown compound was 
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precipitated out which was centrifuged, washed with hexane 
and dried in vacuum. It was recrystallized as [lr(NS)Cl2” 

(PPhj)2] from benzene- dichloromethane ( 1 ‘ 1 ). 

(vii) Reaction of small amount of N 30 H with [ Rh(CD)Cl(PPh2)2 j 

A solution of NSOH in CHCl^ (10 ml) was added dropwise 
to a stirred chloroform solution of [ Rh( CO) Cl( PPh^) 2 ] ( 0.2 g) 
at 20 °C. The resulting mixture was stirred for about twenty 
minutes. Solvent was evaporated under reduced pressure and the 
residue was extracted with benzene. A yellowish green compound, 
[Rh(C0)(H20)(NS0)2Cl(PPh3)] was precipitated out on addition 
of hexane to the extract. It was centrifuged, washed with 
pentane, water and dried in air. 

(viii) Reaction of excess of NSOH with [ Rh( 00 ) Cl( PPh^) 2] 

A solution of NSOH in CHCl^ (25 ml) was added dropwise 
to a stirred chloroform solution of [ Rh( CO) Cl( PPh^) 2] ( 0.2 g) 
and the reaction mixture was stirred for an hour. A brown 
complex, [ Rh(H20)(NS0)2Cl(PPh2) ]2 was obtained by the procedure 
similar to that described for [ Rh( CO) ( H2O) ( 1\IS0)2 Cl( PPh^) ] in (vii). 

(ix) Reaction of NSOH with [ RhCl( PPh^) ^ ] 

A solution of NSOH in chloroform (25 ml) was added drop- 
wise to a stirred chloroform solution of [ RhCl( PPh^ ) ^ ] ( 0.2 g) 
at room temperature. The resulting solution was further 
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stirred for about one hour. A brou/n complex, [ Rh(H20)(iMSD)2Cl- 
(PPhj )]2 luas obtained by the procedure similar to that 
described for [ Rh( CO) ( H 2 O) ( N30)2Cl( PPh^) ] in (uii). 

( x) Reaction of triphenylphosphine with [ Rh{ H 2 O ) ( NS0)2Cl( PPh ^) ]2 

Triphenylphosphine (0.3 g) was dissolved in 20 ml solu- 
tion of [Rh(H20)(NS0)2Cl(PPhj ) ]2 (0.2 g) in chloroform. The 
resulting solution was refluxed for 1 hour. On addition of 
hexane, a light brown complex [ Rh( H 2 O ) ( NSO ) 2 Cl( PPh^) 2 ] was 
precipitated out which was centrifuged, washed with ether and 
dried in vacuum. It was recrystallized twice from benzene- 
hexane (1»3). 

The analyses of carbon, hydrogen, nitrogen, phosphorus, 

melting points, infrared spectra, conductivity and magnetic 

susceptibilities of the complexes were obtained by the methods 

given in Chapter II. The rhodium, chloride and sulfur analyses 

27 2 8 

were carried out by the standard methods. * The results 
are given in Table III.1 and Table III. 2. Molecular weights 
were determined cryoscopically in dry benzene. 


RESULTS AND DISCUSSION 

Reaction of (NSCl)^ in THF with [ Rh( N0)Br2(PPh3)2] at 
low temperature gave a brown complex [ Rh( NS) Cl 2 ( PPh-^) ]2 

SPPhj and QPPh^ were recovered from the washings and analysed. 
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A plausible mechanism could inuolue the prior formation of a 

1 2 

six coordinated intermediate sulf urmonoxi de complex, 

[ Rh( NS) ( so) Cl 2 ( PPh^) ]2 luhich reacted readily u/ith triphenyl- 

phosphine to giue [ Rh( NS ) Cl 2 ( PPh^) ] 2 , SPPhj and OPPh^. The 

formation of triphenylphosphine sulfide and triphenylphosphine- 

oxide in the reaction of sulf urmonoxi de complex [ I r( SO) 2 ( dppe) 2 ]~ 

Cl luith triphenylphosphine have been reported by Schmid and 
29 30 

Ritter. * Bromogroups present in the starting complex mere 

substituted by the chlorides, possibly from (NSCl)^. The same 

bridged thionitrosyl complex[ Rh(NS)Cl2(PPh3) ]2 could also be 

formed by the interaction of [ Rh( NO) Cl 2 ( PPh^) 2 ] mith (NSCl)^ 

1 2 

as reported previously. 

The complex [ Rh( NS ) Cl 2 ( PPh ^) ]2 is air stable nonelectro- 
lyte in nitrobenzene, diamagnetic, soluble in THF, benzene, 
dichloromethane and insoluble in hexane and ether. The mole- 
cular meight mas found to be 900, suggesting its dimeric 

-1 

nature. The absence of the band at 1630 cm due to 

present in the starting complex and the appearance of a nem 
_ -] 

band at 840 cm assigned to bridged in the spectrum of 

the complex (Fig. III.l(l)) suggested the substitution of 

nitrosyl by thionitrosyl group. One might expect tmo bands 

due to because of the coupling of tmo NS groups in the 

cis-position. Homever, the splitting betmeen these tujo bands 

-1 

may not be large and the broadening of the 840 cm band might 
be due to tmo unresolved bands. Reaction of [ Rh( NSy Cl^( PPh^) 
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u/ith triphenylphosphine gave a monomeric complex^[ Rh( IMS) Cl 2 “ 
(PPhj) 2 ] u/hich further corroborated the bridging nature of 
the NS group* 

S 

(PPh,)Cl 7 Rh^ ^RhCl,(PPh,) + PPh, 

S 

CH 2 CI 2 

""•reflux^ 2 Rh{ N3) CljCPPh,)^ 

I 

IR spectrum (Fig. III.l(2)) of [ Rh( NS ) Cl 2 ( PPh^ ) 2 ] showed 

a band around 1118 cm due to terminal and no band 

NS 

-T 

appeared at 840cm , This was taken as an added evidence for 

the presence of bridging NS in [ Rh( NS ) Cl 2 ( PPh ^) ]2 which 

- 1 12 
absorbed at 840 cm due to bridge • 

The reaction of (NSCl)^ with [ Rh( NO) Cl 2 ( PPh^) 2 ] and 
[ Rh( no) Br 2 ( PPh^) 2 ] at high temperature (nJ40°C) gave an air 

stable brown solid of empirical formula [ Rh( NS) Cl 2 ( PPh^) ] 

-1 

whose i.r. spectrum showed bands at 1120 cm due to terminal, 

-1 -1 

bent NS group and at 340 cm and 265 cm besides the 

characteristic bands of triphenylphosphine. The band at 

340 cm was assigned to trans to Cl) while the 

1 

one, at 265 cm , to (Cl trans to Pj or to bridging 

31 \ 

chlorine modes or to both ). The molecular weight of 
[ Rh( NS) Cl 2 (PPh 2) ]2 in benzene was found to be 990 suggesting 
the dimeric nature' of the complex (structure l). 
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[ Rh(NS)Cl 2 ( PPh ^) ]2 reacted with triphenylphosphi ne to 
give red brown complex [ Rh( NS; Cl 2 ( PPh^) 2 ] (structure II) whose 
i.r. spectrum showed all the bands similar to that of 

A 

[ Rh( NS)Cl 2 ( PPhj ) ]2 except the one at 265 cm" . This corrobora- 
ted the presence of chlorobridges in [ Rh( NS) Cl 2 ( PPh^) ] 2 • 



(I) (II) 

Reaction of [ Rh( CO) Cl( PPh^) 2 ] with the limited amount 
of l\!S0H gave [ Rh( CO) ( H 2 O ) ( NSO) 2 Cl( PPh 3 ) ] while that with excess 
farmed [Rh(H 20 )(NS 0 ) 2 Cl(PPh 3 )] 2 . The latt er complex was also 
obtained by reacting [ RhCl( PPh 3 ) 3 ] with excess of NSQH. The 
diamagnetic complex [ Rh( CO) ( H 2 O) ( NSO) 2 Cl( PPh 3 ) ] is stablSf 
soluble in chloroform, dichloromethane, benzene and insoluble 
in hexane and ether having very low conductivity in nitro- 
benzene which ruled out its ionic character. Its i.r. spectrum 
(Fig. 111 . 1 ( 5 )) showed absorption bands at 3400, 2100, 1630, 

1 1 1 8 , 1 060, 97 0, 930, 630 and 335 cm , besides the characte- 
ristic bands of triphenylphosphine. The bands at 3400, 1630 

and 930 cm were assigned to the coordinated water molecule 

-1 

and the ones at 1118, 1060, 970 and 630 cm to the charac- 

32 33 

teristic bands of coordinated thiazate group. ’ The band 
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at 335 cm"’' 
to its p 
rhodium( III) 


ujas assigned 
recursor 
system. 


to 

i 


^Rh-Cl* 
19 60 cm"’' 


The high frequency of 
) is reasonable for 


The reaction of excess NSOH ujith [ Rh(CO) ( H 2 O) ( NS0)2C1- 
(PPh 3 )] and [RhCl(PPh 3 ) 3 ] gave [ Rh( H 2 O) ( NSO) 2 Cl( PPh 3) ]2 whose 
i.r. spectrum (Fig. III.l(6)) ujas found to be exactly the 

same as that of [ Rh( CO) ( H 2 O) ( NS0)2Cl( PPh 3 ) ^ except the absence 

-1 -1 

of bands at2100 cm and 335 cm and the presence of band at 

-1 -1 

260 cm . The band at 260 cm was assigned to bridge 
reaction with excess of triphenylphosphine in CH 2 CI 2 gave 
a brown complex, [ Rh( H 2 O) ( NS 0 ) 2 Cl( PPh 3 ) 2 ] whose far i.r. 

spectrum (Fig, III.l(7)) showed a new band at 335 cm . No 

-1 

band was observed in the range 230-280 cm which suggested 
the absence of chlorobridge in the compound. The oimeric and 
monomeric nature of [ Rh( H 2 O) ( NSO) 2 Cl( PPh 3 ) ]2 and [ Rh( H 2 O) ( NS0)2“ 
Cl(PPh 3 ) 2 ] were corroborated by values of their molecular 
weights determined cryoscopically in benzene. 


Our attempts to synthesize iridium nitrosyl complex, 

[ I r( no) C l 2 ( PPh 3 ) 2 ] , according to the literature method^^ have 

failed. In this reaction the end product was always found to 

be yellow crystalline complex, [ I rHCl 2 ( PPh 3 ) 3 ] . its i*r. 

spectrum (Fig. III.l(3)) and other properties exactly matched 

35 3 

with the standard compound prepared previously by others. ’ 
The role of NO in the formation of [ I rHCl 2 ( PPh 3 ) 3 ] was not 
well understood. However, the possibility of its role as a 
catalyst might exist. 



Reaction of trithiazyltrichloride luith [ I rHCl 2 ( PPh^) 
gave a yellou/ish brouin complex, [ I r( NS; Cl 2 ( PPh^ ) 2 ] whose i.r. 
spectrum (Fig. III. 1(4)) showed absorption band at 1120 cm 

besides the characteristic bands of triphenylphosphine. Band 

-1 

at 1120 cm was assigned to 'J^hich is in close agreement 

with the one already reported for [ I r( CO) ( NS; Cl2( PPh^) 2 ] 

13 

^ ^NS ’ )• I'ts far i.r. spectrum showed band at 

325 cm due to (d trans to Cl). The complex was 

found to be diamagnetic suggesting iridium to be present in 
+3 oxidation state. On the basis of the results thu^ 
obtained from physicochemical studies, the following structure 
(ill) has been tentatively assigned to the complex* 



01 

PPhj 


(HI) 



Table 1 1 1 J « Analytical data of the complexes 
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LEGEND TO THE FIGURES 


Fig. 1 1 1 .1 . Infrared Spectra of the Complexes in KBr/CsI 
discs 5 

(1) [Rh(NS)Cl2(PPh3)]2 

(2) [Rh(NS)Cl2(PPh3)2] 

(3) [lrHCl2(PPh3)3] 

(4) [lr(NS)Cl2(PPh3)2] 

(5) [Rh(C0)(H20)(NS0)2Cl(PPh3)] 

(6) [Rh(H20)(NS0)2Cl(PPh3)]2 

(7) [Rh(H2Q)(NS0)2Cl(PPh3)2] 
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Frequency cm ‘ x 10 
INFRARED SPECTRA 
Fig. III. I 






INFRARED SPECTRA 
Fig . Ill . 1 
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CHAPTER l\l 


INTERACTION OF NITROSYL CHLORIDE, NITROSYL BROMIDE, 
NITROSYL TRIBRQMIDE AND DI NI TROGENTRI OXI DE WITHS 
I. RuC1^.xH20 in presence OF TRIPHENYLPHQSPHI NE, 
TRIPHENYLARSINE AND TRIPHENYLSTIBINE; 

II. [Ru(C0)3(PPh3)2],[RuHCl(C0)(PPh3)3] , 
[RuCJ 3 (AsPh 3 ) 2 .MeOH ] and [ RuCl 2 ( PPh 3 ) 3 ] . 

Although ruthenium forms more nitrosyls than any other 
element, in the last f euj years the balance has been somevuhat 
redressed from the point of uieui of number of nitrosyls of the 
other elements prepared (though many of the neuj complexes are 
of osmium and iridium and are analogues of knouin ruthenium 
ones) means that the single element boundary is not restric- 
tiue either. Although neiu ruthenium complexes have been 
obtained, nevu synthetic routes to the existing complexes 
found, ~ ruthenium nitrosyls probably still occupy the 
central place in the nitrosyl chemistry in general. Activation 
of nitrosyl chloride in homogeneous system by metal complexes 
has received considerable attention because of possible 
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synthetic applications as uiell as interest in the catalytic 

processes. Besides a feoi reports,’ literature 

is almost devoid of the concerned synthetic applications of 

nitrosyl tribromide and dinitrogentrioxide with transition 
metal complexes. In this chapter reactions of nitrosyl chloride, 
nitrosyl bromide, nitrosyl tribromide and dinitrogentrioxide 
with RuC1j.xH 20 in presence of triphenylphosphine, triphenyl- 
arsine and triphenylstibine and with some ruthenium complexes 
[Ru(C0)3(PPh3)2], [RuHCl(C0)(PPh3)3] , [ RuCl3( AsPh3 ) 2 • MbOH] 
described. The structures of the resulting nitrosyl, nitro- 
nitrato and carbonyl complexes have been proposed on the basis 
of i.r., magnetic measurements, elemental analyses, conductivity 
measurements and chemical reactions. 


EXPERIMENTAL SECTION 

All the chemicals used were of chemically pure or 

analar grade. All solvents were dried by standard procedures, 
distilled and deaerated just prior to use. Whereve'r necessary 

an atmosphere of purified argon was used. 

Dichlorotris-(triphenylphosphine)ruthenium(ll), tri- 
car bon ylbis(tri phenyl phosphine) ruthenium(O) , carbonylchloro- 
h y dri do tris( triphenylphosphine) ruthenium( I I ) , trichlorobis- 
( triphenylarsine) ruthenium(lll ) methanol, nitrosyl chloride, 

nitrosyl bromide, nitrosyl tribromide, dinitrogentrioxide were 

17 - 

prepared according to the methods described in the literature. 
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(i) Reaction of NOCl luith RuClj.xH20 in presence of triphenyl- 
phosphin e 

10 ml of an alcoholic solution of RUCI 2 .XH 2 O (0.2 g) 
uias added luith stirring to a hot ethanol solution (20 ml) of 

PPh^ ( 1.2 gj j follouied by saturated NQCl solution (20 ml) in 

CH2C12. On stirring vigorously, orange glistening crystals 
of [ Ru( no) C l^ ( PPh 2 ) 2 ] mere separated out mhich mere centri- 
fuged, mashed mith ethanol, ether and dried in vacuum (yield, 

90 */. ) . 

(ii) Reaction of NOCl mith RuClj.xH20 in presence of triphenyl- 
arsine 

10 ml of an ethanolic solution of RuClj.xH 20 (0.12 g) 

mas added mith stirring to a hot ethanol solution (20 ml) of 

t riphenyl arsine (0.8 g) , follomed by saturated NOCl solution 
(10 ml) in CH 2 CI 2 . On stirring vigorously, orange glistening 
crystals of [ Ru( NO) Cl^( AsPh^ ) 2 ] mere separated out mhich mere 
centrifuged, mashed mith ethanol, ether and dried in vacuum. 

(iii) Reaction of NOCl mith RuClj.xH20 in presence of triphenyl- 
stibine 

20 ml of an ethanolic solution of RuCl^.xH 20 (0.2 g) 
mas added mith stirring to a hot ethanol solution (20 ml) of 
SbPh^ (1.2 g) , follomed by saturated NOCl solution (lO'ml) in 
CH 2 CI 2 . On stirring vigorously, a mixture of compounds 
[ RuCl 2 ( SbPhj) and [ Ru( NO) Clj(SbPhj) 2 ] obtained. 
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(ivy) Reaction of N0[\102 ujith RUCJ. 2 .XH 2 O in presence of triphenyl- 
phosphine 

(a) An ethanolic solution (10 ml j of RUCI 2 .XH 2 O (0.14 g) 
uyas added luith stirring to a hot ethanol solution of triphenyl- 
phosphine (0.8 g) , followed by saturated solution (20 ml) of 
NONQ 2 in dichloromethane. On stirring vigorously, orange 
crystals of [ Ru( NO) Cl^( PPh^) 2 ] were obtained which were centri- 
fuged, washed with ethanol, ether and dried in vacuum. 

(b) The same compound [ Ru( NO) Clj( PPh^ ) 2 ] was obtained 
when NONO 2 was taken in benzene medium. 

( v) Reaction of NOBr with RuClj.xH20 in presence of triphenyl- 
phosphine 

An ethanolic solution (20 ml) of RUCI 2 .XH 2 O (0.2 gj 
was added with stirring to a hot ethanol solution of triphenyl- 
phosphine (1.2 g) , followed by (jca. 2 M) NOBr solution (10 ml) 
in dichloromethane. On stirring vigorously, orange glistening 
crystals of [ Ru( NO) CI 2 B r( PPh^) 2 ] were obtained which were 
centrifuged, washed with ethanol, ether and dried in vacuum. 


(vi) Reaction of NOBr with RuCl^.xH20 in presence of triphenyl' 
arsine 

Reaction was performed exactly in a similar way as that 
given for [ Ru( NO ) Cl 2 Br( PPh^) 2 ] except that 20 ml hot ethanolic 
solution of triphenylarsine was used in place of triphenyl- 
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phosphine. Shining orange crystals of 1_ Ru( N0> CI 2 B r( AsPhj )2 J 
luere obtained. 

(v/ii) Reaction of NQBr luith RuCl^.xH20 in presence of tri- 
phenylstibine 

An ethanolic solution (10 ml) of RUCI 2 .XH 2 O (0.14 g) 
ujas added ujith stirring to a hot ethanolic solution of tri- 
phenylstibine (0.8 g) , folloo/ed by saturated NOQr (10 ml) 
solution in dichloromethane. Reaction mixture uias further 
stirred for 10 minutes and kept on water bath for 10 minutes. 

A mixture of compounds [ Ru( NO) CI 2 B r( S bPh^) 2 ] and [ RuCl 2 Br- 
(SbPhjjjJ was obtained. The mixture was centrifuged, washed 
with ethanol, ether and dried in vacuum. 

(uiii) Reaction of NOBr^ with RuCl2«xH20 in presence of tri” 
phenylphosphine 

10 ml of an ethanolic solution of RuCl^.xH 20 (0.2 g) 
was added with stirring to a hot ethanolic solution (20 ml) 
of PPhj (1.2 g) , followed by 10 ml of freshly prepared NOBr^ 
solution (ca. 2 M) in dichloromethane. On stirring vigorously 
and concentrating on water bath, orange brown crystals of 
[ Ru( NO) ClBr 2 ( PPhj) 2 ] ujere separated out which were centrifuged, 
washed with methanol, ether and dried in vacuum. 

(ix) Reaction of NOBr^ with RuClj.xH 2 Q in presence of triphenyl- 
arsine 

Reaction was performed by the procedure similar to that 
given for [ Ru( NO) ClB r 2 ( PPhj) 2 ] except that 20 ml hot ethanolic 
solution of triphenylarsine was added in place of 
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triphenylphosphine. Orange crystals of [ Ru( IMO) ClBr 2 ( AsPh^ ) 2 ] 
uiere obtained. 

( x) Reaction of NOBr^ ujith RuCl^.xH 20 in presence of triphenyl- 
stibine 

An ethanolic solution (10 ml) of RuClj.xH20 (0.14 g) ujas 
added ujith stirring to a hot ethanolic solution of triphenyl- 
stibine (0.8 g) , folloired by 10 ml of NOBr^ solution (.ca. 2 M) 
in dichloromethane. It ujas further stirred for 10 minutes. 
Reddish broo/n crystals of [ RuClBr 2 ( S bPh^ ) mere separated out 

which were centrifuged, washed with ethanol, hexane and dried 
in vacuum. 

(xi) Reaction of 1\I0N02 with RuCl^.xH 20 in presence of triphenyl- 
arsine 

An ethanolic solution (10 ml) of RuCl^,xH20 (0.14 g) mas 
added with stirring to a hot ethanolic solution (20 ml) of tri- 
phenylarsine (0.8 g) , followed by 20 ml of saturated solution 
of dinitrogentrioxi de in dichloromethane or benzene. The solu- 
tion, thus obtained, was vacuum concentrated, whereby orange 
crystals of [ Ru( NO) Cl^( AsPh^) 2 ] were separated out which were 
centrifuged, washed with ethanol, hexane and dried in vacuum. 

(xii) Reaction of NONO 2 with RuCl^.xH 20 in presence of triphenyl 
sti bine 

Reaction was carried out by a procedure similar to that 
given for [ Ru( NO) Cl^( AsPh^) 2 ] except that 20 ml hot ethanolic 
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solution of triphenylstibine tuas used in place of triphenyl- 
arsine. Red needle shaped crystals of [ RuCl 2 ( SbPh^) ^ ] were 
separated which were centrifuged, washed with small amounts of 
ethanol, hexane and dried under vacuum. 

(xiii) Reactions of NOCl, NOBr and IMOBr^ with RuCl 2 (PPh^)j 

Saturated solution of NOCl in CH 2 CI 2 (10 ml) was added 
to a solution (20 ml) of 0 .2 9 of [ RuCl 2 ( PPh^) 3 ] in CH 2 CI 2 . 

The resulting solution was stirred for 10 minutes followed 
by its vacuum concentration. Hot methanol (20 ml) was added 
to the concentrated solution whereby shining orange crystals 
of [Ru(N 0 )Clj(PPh 3 ) 2 ] were separated which were centrifuged, 
washed with ethanol, ether and dried in vacuum. On addition 
of di chlo romethane solution of NOBr and NOBr^ in place of NOCl 
and following the procedure noted above ,[ Ru(NO) Cl 2 Br( PPh 3 ) 2 ] 
was obtained. 

(xiv) Reaction of RuCl 3 ( AsPh 3)2 •MeOH NOCl, NOBr and NOBr^ 

RuCl 3 ( AsPh ^ ) 2 • l^eOH ( 0.2 g) was dissolved in 10 ml CH 2 CI 2 
and 1 0 ml saturated solution of NOCl in CH 2 CI 2 was added and 
stirred for 10 minutes. The resulting solution was vacuum 
concentrated and cold pentane (50 ml) was added to the concen- 
trated solution whereby yellowish orange powder of [Ru(N 0 )C 13 - 
(AsPh 3 ) 2 ] ujas separated which was centrifuged, washed with 
pentane and dried in vacuum. On addition of di chloromethane 
solution of NOBr and NOBr^ in place of NOCl and following the 
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procedure noted above [ Ru( NO) Cl28r( AsPhj)2 j obtained. 

Reactions of NOCI mith [Ru( CO) PPh.^) 2 ]an d [RuHCl( CO) ( PPh^) 

20 ml solution of NOCI in CH 2 CI 2 ivas mixed with a solu- 
tion (10 ml) of[ Ru(CQ)^(PPh 3 ) 2 ] (0.5 g) in CH 2 CI 2 to which 40 ml 
of hot methanol was added. On vigorous stirring, orange gliste- 
ning crystals of [ Ru(N 0 )Cl 3 (PPh 3 ) 2 ] (yield, 80’/, ) were 
separated out which were centrifuged immediately, washed with 
methanol, ether and dried in vacuum. On keeping the centri- 
fugate for 3-4 hr, a white compound, [ Ru(C 0 ) 2 Cl 2 ( PPh 3)2 ] was 
separated out which was centrifuged, washed with methanol, ether 
and dried in vacuum (yield, 10 ’/.) . 

The same compounds were obtained when [ RuHCl( CO) ( PPh^) 3 ] 
was used as a starting material in place of [ Ru( CO) 3 ( PPh 3 ) 2 ] 
but the yield of dicarbonyl, [ Ru( CO) 2 Cl 2 ( PPh 3 ) 2 J obtained was 
only about 4*/. . 

The reaction products were the same if dichloromethane 
was substituted by benzene as the reaction medium. 

(xvi) Reactions .of NOBr with [ Ru( C 0 ) 3 ( PPh^) 2 ] or [RuHCI(CO)- 
(^PPh 3 ^ 

The procedure for the reaction was same as that given 
in (xv) except that a solution (ca. 2 M) of NOBr was used in 
place of NOCI. The reaction with [ Ru( C 0 ) 3 ( PPh 3 ) 2 ) ] gave 
orange brown plates of [ Ru(N 0 )Br 3 (PPh 3)2 J (yield, 40*/.), while 
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that with [ RuHCl( CO) ( PPhj) g] , orang e plate type crystals of 
[Ru(N0)ClBr2(PPh3)2] (yield, 40*/..) and a white compound 
[ Ru( 00)26 r2( PPh^) 2 J (yield, ca » 10*/. ) were obtained. 

(xuii) Reactions of NQBr, with [ Ru(C0)2( PPh3)2] or [RuHCI(CO)- 

(PPh 3 ) 3 ]' 

The procedures for the reactions of NOBr^ with [Ru(C 0 )j- 
(PPh3)2] or [ RuHCl( CO) ( PPh^) j] were same as these given in 
(xvi). Both [ Ru( CO) PPh^) 2 ] and [ RuHCl( CO) ( PPhj ) gave 
[ Ru(N0)Br3(.PPh3)2] (yield, _ca. 20 */. ) and [ Ru(C0)2Br2( PPh3)2] 
(yield, _ca. 50 */. with [ Ru( CO) 3( PPh3) 2] and c_a. 20 */. with 
[RuHCl(C0)(PPh3)3]) . 

(xviii) Reactions of N2O3 with [ Ru( cd)3( PPh3)2 ] or [RuHCI(CO)- 

(PPh 3 ) 3 ] 

A saturated solution (20 ml) of NQND2 in CH2CI2 was added 
to 10 ml solution of [ Ru( C0)3( PFh3) 2] ( 0.5 g) in CH2CI2. The 
reaction mixture was concentrated on a water bath and 50 ml 
of hot methanol was added to it. On keeping the reaction 
mixture overnight, an orange yellow compound [ Ru( NO2) ( NQ3) ( 00)2" 
(1 Fh3)2] ujas obtained which was centrifuged, washed with 
methanol, ether and dried in vacuum. 

Carbon, hydrogen, nitrogen, phosphbrus, arsenic and 
halogen analyses, melting point, infrared spectra and magnetic 
measurements were carried out according to the methods given 
in Chapter II. The results of these studies are given in 
Tables II /. 1 and 1 \ 1 . 2 . All compounds except the mixtures 
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obtained in stibine case were found to be diamagnetic. 

RESULTS AND DISCUSSION 

The analytical data of the complexes suggested their 
compositions as proposed in Table lU.I. Further their diamag- 
netic behaviour, except RuClBr 2 (SbPhj) ^ , along with the charge 
balance indicated that ruthenium in these complexes is in the 
+2 oxidation state. The compounds were found to be non- 
conducting in nitrobenzene which rules out the possibility of 
their ionic nature. Although compounds [ Ru( NO) Cl^ L 2 ] (L = 

2 6 — 2 ' 

PPhj or AsPh^) and[Ru( NO j ClBr 2 L 2 ] have been prepared previously 
by two step process, the procedure developed by us involves 
simply the reaction of the metallic salt solution with NOX 
(X = Cl, Br, Br^ or NO 2 J in the presence of triphenylphosphine 
or triphenylarsine. The compounds were synthesized in pure 
state in about 80’/. yield. The i.r. spectta showed the 

positions of f’or the ruthenium nitrosyl halide complexes 

-1 

in the range 1 82 5 - 1 87 6 cm which are in close agreement 

2 6 “ 2 8 

with the values reported previously (Fig. IV.l(l-A)). The 

presence of coordinated NO as NO"^ in these complexes has also 

29 

been supported by X-ray studies where the angle Ru-N-0 was 

found to be 180°. In addition, inf rared frequencies 

corrected according to the Iber’s rule, were greater than 

1620 cm” . These six coordinated nitrosyl complexes can, thus, 

6 24 25 

be classified as linear, { RuNO} type * having ruthenium in 
+2 oxidation state. The metal to nitrosyl bond could be 
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considered as formed by donation of c?-electrons from nitrogen 

to metal and back donation from the filled metal d -orbitals to 

those of Tt (|\10), Generallyyin {RuNO}^ type of complexes, NO 

is a good trans directing ligand^® and in complexes ,[ Ru( NO) X^- 

L2I (X = Cl or Br; L = tertiaryphosphine, arsine or stibine) X 

2 8 

is present inwariably trans to NU# Replacement of the X ligand 

in these complexes ujas found to be relatively facile. 

Further in some of the [ RuXY2L^N0) j type complexes, X, the weakest 

2 8 

trans directing ligand ujas found to be trans to MO. On the 
basis of these arguments applicable for (RuNOJ^j the following 
geometries are tentatively assigned to the resulting complexes 
(structure I and II). 



(I) 


(II) 


Although the reactions of NOX (X = Cl, Br, Br^ or NO2) 
with RuC1^.xH 2Q in presence of SbPh^ led to the formation of 
[ RuCl3(SbPh3) j], [ RuCl2Br( SbPh3) 3] , [ RuClBr2( SbPh3) 3] and 
[ RuCl2(SbPh3)3] , the complexes [ RuCl3(SbPh3)3] and [RuCl2Br“ 
(SbPh3)3] could not be isolated in the pure state. These were 

'I 

contaminated with [ Ru( NO) Cl3( SbPh3)2] cm ) and 
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[ Ru( no) CI2B r( S bPh^ ) 2 ] '^ 825 cm respectively. The 

impure compounds luere found to be slightly paramagnetic and 
nonelectrolytes. The structure of RuCl2(SbPh^) ^ is five coordi- 
nated Uiith a vacant octahedral site about the square-pyramidal 
configuration being effectively blocked by a phenyl ring."^^ 
Contamination of Ru(lll) complexes as impurities in the above 
complexes of tertiarystibine, corroborates the fact that 
tertiary stibine is less reducing as compared to tertiary- 
arsines and phosphines. 

The reactions of NQNO2 RuCl2-xH20 in presence of 

PPh^s AsPh^ and SbPh^ gave consistently Ru(ll) compounds 
indicating reducing nature of NONO2. 

Reactions of NOX (X = Cl, Br or Br^) ujith [ Ru( C 0 )^( PPh2)2] 
and [RuHCl(CQ)(PPh 3 ) 3 ] gave nitrosyls of the type [RuX 3(N0)-- 
(PPh3)2] 33 3 major product together ujith dicarbonyl complexes, 
[ Ru(C0)2X2(PPh3)2] ♦ It u/ill be interesting to observe that 
the percentage yield of the nitrosyl complexes vary with the 
stability of NOX in CH2CI2 (N 0 C 1 > N 0 Br> N 0 Br 3 )^^”^^ while that 
of dicarbonyl complexes in the reverse order. It could 
possibly be related to the time for which NO remains in 
solution . 

Generally trans-[Ru(C 0 ) 2 X 2 (PPh 3 ) 2 ]are pale yellow to yellow 
coloured^^ while cis-isomers are white and relatively more 
stable. Since all the prepared dicarbonyls were white, it is 
tactly presumed that [[ Ru( C 0 ) 2 Cl 2 ( PPh3) 2I should be having 
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cis” configuration. Since the melting point (259-60°C) and 
the position of the bands (2064 cm and 2001 ) of 

[Ru( COj^CljCPPhj) 2 ] correspond to those of the already prepared 

34 

one having the cis-geometry (structure III)| the same cis- 
geometry is assigned to [Ru( CO) 2 Cl 2 ( PPh^ ) 2 ] . 

Since the melting point (233°C) and the position of y^g 
bands (2040 cm , 1980 cm and a shoulder at 1950 cm ) of 
the UJhite complex differ from the m.p. (270°C) and the posi- 
tions of Vgg (2061 cm”"’ and 1980 cm"'^) of one of the knoujn 
cis“[RuBr 2 (C 0 ) 2 (PPh 2 } 2 ] (structure IVi)^^ it is assumed that the 
dicarbonyl, [ Ru 8 r 2 (C 0 ) 2 (PPhj) 2 ] did not have the cis-geometry 
given in structure IV. Consequently one of the remaining 
cis-geometries shoujn in structure V could possibly be assigned 
to [ 80 ( 00 ) 2612 ^^*^^ 3^2 



(V) 
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Interaction of dinitrogentrioxi de ujith [ Ru( CO) PPh 2}2 J 

or [ RuHCl( CO) ( PPhj) j] yielded N-bonded nitro-nitrato complex 

[ Ru( NO 2 ) ( NOj) ( C0)2( PPh^) 2 ] as indicated by the characteristic 

bands of N02~ (1390, 1317 , 825 cm"'') and NO^" (1494, 1270, 

995 cm ) . A very small peak at 1873 cm ujas also observed 

in the i.r. spectrum of the above compound ujhich indicated the 

presence of trace amounts of [Ru(iM0j(N02)^(PPh2)2]» Formation 

of NO 2 ligand as N-bonded rather than 0-bonded is supported 

by the presence of the characteristic band of N-bonded NO 2 

in the region of 1317 cm ♦ This should not have been present 

37-39 

if the NO 2 is Q-bondedo 



T able I V .1 » Analytical data of the complexes 


108 


OD 

cc 


lD 

UJ 

CO 


“D 

C 

D 

O 

U. 


■a 

CD 

CD 

rH 

u 

O 

rH 

CJ 


03 


CJ 


CO! 


Lr\ 




fn 


(3n 

• • 

CO 


in 

• • 


m c\j 

♦ » 

r- IN 


0\ CD 

» • 

^ IN 


M3 CD 

• • 

tN N- 


IN M3 

• • 

M3 


o\ n- 

• • 

in m 


(3n cm 

* • 


IN MD 

• <» 

CD CD 


O CTx CD Ln 


m CM 
CM CM 


M3 M3 
CM CM 


m IN 

• • 

CM CM 


CO On 
M 3 ’vD 


CD O 

• t 

O r- 
CM CM 


CO o 

« • 

^ CM 


CO 


MDin M3Ln MOLn inn- 


m M3 


0\ CD 

* • 

m <d‘ 


IN On 

« • 

m m 


IT) in 

« • 

m m 


m in 

• • 

m m 


in CM 

• * 

m m 


m m 

• » 

m m 


CM o 

• • 

m m 


I I 


u 

-p 

o 

o 

G 


mt in 

41 # 


t I 


m lA 

• » 

m m 


CJ 


iCNi 


CD M3 


M3 m CO !>. m r- CD 'st rn MT 


O 


M3 M3 
LA LA 


^A m 
LA LA 


a CD 

LA LA 


CD CD 


O O 
LA LA 


CO CD M3 M3 
MT Mt 


A- CN 


IN A- 

<5* <3- 


(D 

O 

X 

CD 

rH 

a 

£ 

O 

CJ 


* — I 


1 — 1 


1 — ^ 

CM 

1 — 1 

i— 1 

CM 

1 1 

^CM 

kn 

CM. 

m 


CM 

lA 

m 

CM 

— X 

JO 

JZ 

lA 

-■—N. 


jc 


m 

CL 

CL 

^A 

a 

a. 

m 

JZ 

CO 

CD 

A 

JC 

J= 

a 

CL 

JC 

CL 

<c 

ct 

CL 



CL 

W 



CL 

CL 

H 

CM 

CL 

CC 

M 

CM 

JZ 


CD 

H 



CD 

H 

cn 

m 

CM 

CD 

m 

m 

CM 

CO 


rH 

•H 

rH 

H 

rH 

H 

H 

CM 

H 

CJ 

CJ 

CJ 

CD 

CJ 

CJ 

U 


-r— V 




>•— s 


03 

o 

o 

O 

O 

C3 

O 

o 

rH 







z: 

CJ 

*w^ 


N— 

V.»*r 

NX-***' 



3 

3 

3 

J 

D 

3 

D 

Z5 

ac 

q: 

QC 

cr 

QC 

QC 

tr 

QC 


i } 

i — J 

\ — I 

t I 

t i 

t — t 

1 1 




Table IV. 1 (contd.). 


1 09 









CM O 

MJ- lA 

CD VQ 

\o 

1 f 

* * 

• • 

• ■ 



CO CD 

I>- !>• 

0- £> 





'w' 







o o 

mT VO 

a CM 


ir\ 

• • 

• • 

* • 

( { 


Lr\ VO 

0\ ON 

Ov OV 




'w' 

r-^ If— 
















A CD 


t 1 

i I 

t ( 

• • 





A A 












vO o- 

a CK 

VO QQ 

CD LA 


• • 

• • 

• • 

• • 



< fA 

A lA 

A A 












VO KV 

vO 

CM A 

CO o 

Csi 

• « 

• • 

• • 

« « 


CM CM 

o o 

<J- 'n3“ 

l> {> 


LTv LA 

vO VO 

LA A 

A A 

! 

'V--' 

'W' 


>W< 





r~~*i 





CM 










A 





x: 





CL 





CL 




t \ 




1 1 

CM 

CM 



CM 

X—V 





A 

O 


( \ 

lA 

JZ 

CJ 


rA 

x: 

CL 




CL 

CL 

N 


KV 

d 


A 


JC 


CM 

O 


CL 

CM 

M 



XI 

rH 

CD 



cn 

U 

CM 

— s 



CM 

s. 

CM 


CM 


O 

a 


rH 

a 

CJ 

s: 


O 

u 






D 

D 


a: 

D 

QC 

c: 


I 1 

QC 

t — 1 

\ 1 



T abl e 1\1 ,2 . Colour, melting point and important infrared frequencies of the complexes 
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LEGEND TO THE FIGURFS 


Fig. Infrared Spectra of the Complexes in KBr discs* 

(1) [RuCl2(SbPh3)3] 

(2) [ Ru( no) C l3(SbPh3)2] and [ RuCl^C S bPh^) 3] 

(3) [Ru(NQ)Cl3(PPh3)2] 

(4) [ Ru(NQ)Cl3(AsPh3)2] 

(5) [Ru(C0)2Br2(PPh3)2] 

(6) [Ru(C0)2Cl2(PPh3)2] 

(7) [Ru(N02)(N03)(CO)2(PPh3)2] 
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CHAPTER y 


INTERACTION OF NOX (X = Cl, Br or 
Br^) AND DINITRQGENTRIOXIDE WITH 
[Pd(PPh3)4], [Pt(PPh3)4] AND WITH 
PdCl2, H2PtClg IN PRESENCE OF TRI- 
PHENYLPHOSPHINE & TRI PHENYLARSI NE 

During the past thirty years, a great deal of uiork 
related to the nature of bonding in nitro, nitrato and nitro- 
nitrato complexes has been carried out; but the literature is 
almost devoid of the chemistry of such transition metal complex- 
es ULiith t erti ary- phosphi ne , arsine and stibines except a feu/ 
reports u/hich have appeared recently, regarding the syntheses 
of transition metal nitro and nitrato complexes by using nitric 
acid, silver nitrate, nitrogen dioxi de/ dinitrogen tetraoxide, 
dinitrogen trioxide, isoamyl nitrite, etc. Palladiura(ll ) 

nitrato complexes in presence of triphenylphosphine have been 

shou/n to catalyse the reaction of a Schiff base with 1 ,3-buta- 

9 10 

diene to yield a vinylsubstituted piperidine. ’ It has 
further been observed that the dinitrogen trioxid^ reacted with 
transition metal halides and triphenylphosphine or triphenyl- 
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rsine to form nitrosyl and ujith transition metal complexes, 
nitrosyl-nitro or nitrato complexes ® Because of the 
varied interest in the nitro-nitrato complexes containing 
phosphine or arsine of transition metal ions, it will be of 
interest to study the reactions of ^ 2 ^^ with some Pd(0) and 
Pt(0) complexes. In this chapter the results of the inter- 
actions of NOX (X = Br, Br^ or Cl) and dinitrogentrioxi de with 
[PdCPPh^)^], [Pt(PPh 3 )^] and with PdCl 2 , H 2 PtClg in presence 
^ ^ ^i^si ne and triphenylphosphine are reported. 

EXPERIMENTAL SECTION 

All the chemicals used were of chemically pure or Analar 
grade. The solvents used were doubly distilled. Wherever 
needed, pure and dry argon atmosphere was used. 

Tetrakis(triphenylphosphine)palladium(0) , tetrakis- 

( triphenylphosphine) platinum(O) , dinitrogentrioxi de, nitrosyl- 

chloride, nitrosylbromi de and nitrosyltribromi oe were prepared 

11-14 

according to the literature methods. 

(i) Reaction of dinitrogentrioxi de with tetrakis( triphenyl- 
phosphine) platinum(O) in inert atmosphere 

A solution of 0.2 g of [Pt(PPhj)^] in 20 ml dichloro- 
methane was treated with dinitrogentrioxide (20 ml) in 
deaerated CH 2 CI 2 under argon atmosphere. After the addition 
of N 20 ^ was complete (10 min.), the mixture was further stirred 




121 


for about 15 minutes. The reaction mixture ujas then conceTitra- 
ted under v/acuum to about 2-3 ml and 10 ml of pentane mas added, 
a mhite crystalline compound^ [ Pt( NO2) 2( PPh^) 2] (m.p. 156°C) mas 
separated out mhich mas centrifuged, mashed several times mith 
deaerated pentane and dried under vacuum. It mas recrysta— 
llized from CH2Cl2-pentanB (1^3). 

( ii ) Reaction of dinitrogentrioxi de mith tetrakis( triphenyl- 
phosphine) palladium( O) in inert atmosphere 

A solution of 0.2 g of [Pd( PPh^ ) ^] i n 10 ml di chloromethane 
mas treated mith a saturated solution of dinit rogentrioxi de in 
deaerated CH2CI2 (20ml) under argon atmosphere. Yellom crysta- 
lline complex, [ P d( N02)2( PPh^) 2 ] uias separated out mhich mas 
treated by a procedure similar to that given for [Pt( [102)0“ 
(PPh3)2]. 

( i i i ) Reaction of dinitrogentrioxide mith tetrakis( triphenyl- 

phosphine) platinum(O) in presence of oxygen 

A solution of 0.2 g of [Pt(PPh3)^in 20 ml dichloromethane 
mas purged mith pure and dry oxygen for 20 minutes and the 
resulting solution mas treated mith a saturated solution of 
dinitrogentrioxide in CH2CI2 (20 ml). After the addition of 
N2O3 mas complete (10 min.), the stirring mas continued for 
'about 15 minutes. The reaction mixture mas concentrated under 
vacuum to about 5 ml and 15 ml of dry pentane mas added, 

Ujhereby a mhite crystalline complex, [Pt(N02) ( NO3) (PPh3)2] was 
separated out mhich mas centrifuged, mashed mith hexane, and 
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dried under vacuum. It ujas recrystallized from dichloromethane- 
pentane (1^3). 

^ pf dinitrogentrioxide ujith tetrak is( triphenyl- 
phosphine) palladiufn( 0) in presence of oxygen 

A solution of 0,2 g of [Pd(PPh 2 )^] in 20 ml dichloro- 
methane ujas purged ujith pure and dry oxygen for 20 minutes and 
the resulting g reenish broujn solution u/as treated ujith a satura- 
ted solution of dinitrogentrioxide in dichlo romethane (20 ml). 
Yellouj crystalline complex, [ Pd( NO 2 ) ( NQ^) ( PPh^) 2 ] (m.p. 183°C) 
ujas precipitated out uihich was purified by a procedure similar 
to that given for [ Pt( NO 2 ) ( NQ^) ( PPh^) 2 ) ] . 

(v) Reaction of nitrosyl chloride with tetrakis( triphenylphos- 
phine) palladium(O) 

A saturated solution of NOCl in dichlo romethane (20 ml) 
was added slowly with stirring to a solution of [Pd(PPhj)^] 

(0.2 g) in CH 2 CI 2 (10 ml) at room temperature. After the addi- 
tion of NDCl solution was complete (5 min.), the mixture was 
further stirred for about 10 minutes. The reaction mixture was 
concentrated under reduced pressure and dry and deaerated 
hexane was added whereupon a pale yellow coloured complex, 

[ PdCl 2 ( PPhj) 2 ] uuas precipitated out which was washed several 
times with pentane and dried under vacuum. 

(vi) Reaction o f nitrosyl bromide with tetrakis(triphenylphos - 
phine)palladium(O). 

Twenty ml solution of NOBr in dichloromethane {ca. 2 M) 
added slowly with stirring to a solution of [Pd(PPhj)^] 


was 
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(0.2 g) in CH 2 CI 2 (10 ml) at room temperature under argon 
atmosphere. After the addition of NOBr uias complete, the 
mixture mas heated under reflux for 10 minutes. A broujnish 
orange coloured complex, [ Pd 2 Br^(PPhj) 2 ] ujas separated out mhich 
mas purified and dried by a procedure similar to that giwen for 

PdCl2C PP ) 2 3 • 


( 1 i ) Reaction of nitrosyl tribromido mith tctrakis( triphenyl~ 

phosphine) pal la dium(o) 

Reaction mas performed in exactly the same may as that 
giuen in section (vi) except that dichloromethane solution of 
NOBr^ mas used in place of N03r, A bromnish orange complex, 

[ Pd 2 Br 4 ( PPhj) 2 ] ujas obtained. 

(viii) Reaction of nitrosyl chloride mith H 2 PtCl^ in presenc e of 
tri pheny l phosphine 

10 ml of an alcoholic solution of H 2 PtClg (0.2 g) mas 
added mith stirring to a hot ethanol solution (20 ml) of PPh^ 
(1.0 g), follomed by 20 ml of a saturated NOCl solution in 
dichloromethane. On v/igorous sti rring, pale yellom complex* 
[PtCl 2 (PPh 3 ) 2 ] separated out mhich mas centrifuged, mashed 

mith ethanol, ether and dried under vacuum. 


(ix) 


Reaction of nitrosyl chloride mith H 2 ptCl^ in 
triphenylarsine 


presence of 


for 

mas 


The reaction mas performed in a similar may as that given 
[PtCl 2 (PPh 3 ) 2 ] in(viii) except that triphenylarsine solution 
added in place of triphenylphosphine. A yellom coloured 
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complex, [PtCl2(AsPh3) 2] ujas obtained. 

Reaction of din itrogentrioxi de luith H 2 PtClg in presence of 
triphenylphos phine 

10 ml of an alcoholic solution of H 2 PtClg (0.2 g) ujas 
added u;ith stirring to a hot ethanol solution (20 ml) of PPh^ 

(1.0 g) 5 folloujed by freshly prepared green saturated N 20 -^ 
solution (20 ml) in dichloromethane. On vigorous stirring, 
ujhite needle shaped crystals of C PtCl 2 ( PPh^) 2 ^ luere obtai.ned, 
ujhich were centrifuged, washed with ethanol, ether and dried 
under vacuum. 

(xi) Reaction of dinitrogentrioxide with H 2 PtCl^ in presence of 
t riphenylarsine 

The procedure for carrying out the reaction was similar to that 

given for [ PtCl 2 ( PPh^) 2 ] in(x)except that a solution of tri- 
phenylarsine was added in place of triphenylphosphine. A off- 
white complex ,[ PtCl 2 ( AsPhj) 2 ] was obtained. 

(xii) Reaction of nitrosyl bromide with H 2 PtClg in presence of 
triphenylphosphine 

10 ml of an alcoholic solution of H 2 PtClg (0.2 g) was 
added with stirring to a hot ethanol solution (20 ml) of PPh^ 

(1.0 g) followed by a freshly prepared saturated NOBr solution 
(20 ml) in dichloromethane. After the addition of NOBr solu- 
tion stirring was continued for another 10 minutes whereby fi.ne 
crystals of [ Pt( NO) ClBr 2 ( PPh^ ) 2 ] ujere obtained which were 
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centrifuged, ujashed ujith ethanol, ether and dried under 
\j acuum. 

(xiii) Reaction of nitrosyl chloride luith PdCl 2 in presence of 
tri phenyl phosphine 

0.1 g of PdCl 2 ujas refluxed with 20 ml of a saturated 
solution of nitrosyl chloride in dichloromethane, followed by 
an addition of a hot alcoholic solution (20 ml) of PPh^ 

(1.0 gj. On vigorous stirring, a yellow crystalline compound, 

[ P dCl 2 ( PPhj) 2 ] was separated out which was washed with alcohol, 
ether and dried under vacuum. 

( xiv) Reaction of nitrosyl chloride with PdCl 2 in presence of 
tr iphenylarsine 

Reaction was carried out by a procedure similar to that given 
for [ PdCl 2 (PPb^) 2 ] xiii except that a solution cf triphenyl- 
arsine was used in place of triphenylphosphine. A yellow 
crystalline compound, [ PdCl 2 ( AsPh 3 ) 2 ] was obtained, 

(xv) Reaction of nitrosyl b romide with PdCl 2 in presence of 

triphenylphosphine 

0.1 g of ^^^^2 refluxed luith (20 ml) of NOBr solution 

(ca. 2 M) . 20 ml of a hot ethanolic solution of PPh 3 

(0.5 g) was added to it. On vigorous stirring for about 
20 minutes, a yellowish orange crystalline complex, [PdBr 2 (PPh 3 ) 2 ] 
was separated out which was washed with .alcohol , ether and 


dried under vacuum. 
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of nitrosyl tri bromide ujith PdCl 2 in presence 
of iriphenylphosphine 

Reaction iras performed by a procedure similar to that 
given in(xv)except that NDBr^ solution ( ca . 2 Fi) ujas used in 
place of NOBr. Yellouish orange crystals of [ Pd 8 r 2 ( PPh^) 2 ] 
mere separated out. 

(xvii) Reaction of nitrosyl bromide mith PdCl 2 ^ presence of 
triphenylarsine 

0.1 g PdCl 2 refluxed mith 20 ml saturated solution 

of nitrosyl bromide and 20 ml of a hot ethanolic solution of 
AsPh^ ( 0.7 g) mas added to the solution. On vigorous stirr- 
ing for 10 minutesja yellomish orange complex, [ PdBr 2 ( AsPhj) 2 ] 
mas separated out mhich mas mashed mith alcohol, ether and 
dried under vacuum. 

(xviii) Reaction of nitrosyl tribromice mith PdCl 2 in presence 
of triphenylarsine 

Reaction mas performed by a similar procedure as that 
given in (xvii) except that NOBr^ solution (^a. 2 FI) mas used 
in place of NOBr mhereby yellomish orange complex, [ PdBr 2 ( AsPh ^)2 
mas obtained. 

Carbon, hydrogen, nitrogen, phosphorus, arsenic and 

halogen analyses, melting points, infrared spectra and magnetic 

measurements mere carried out according to the methods given in 

Chapter II. The platinum and palladium analyses mere carried 

1 5 

out by the standard methods. The results are given in 
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Table U.l and Table \i.2. 


RESULTS AND DISCUSSION 


Reactions of dinitrogentrioxi de ujith [M(PPh^) 4 ] {H = Pd, 

or Pt) in argon purged dichloromethane solution gave dinitro 

complexes [ M( NO 2 ) 2 ( PPh^ ) 2 ] ujhich ujere previously synthesized 

by the reactions of PPh-j uuith [m(N 02)4]^ Infrared spectrum 

of [ P d( NO 2 ) 2 ( PPhj) 2 ] shoiued characteristic bands of NO 2 at 

1415, 1330 and 820 cm . Formulation of NO 2 ligand as N-bonded 

rather than O-bonded is supported by the presence of a charac- 

- 1 1 2 “ 1 4 

teristic band of N-bonded NO 2 in the region of 1320 cm 

Reactions of dinitrogentrioxi de with [flCPPh^)^] in 
presence of oxygen yielded N-bonded nitro-nitrato complexes, 

[ M( NO 2 ) ( NOj) ( PPhj) 2 ] as indicated by the characteristic bands 
of NO 2 ” (NO 2 , 1417 , 1325, 820 cm“S NO^, 1505, 1280, 980 cm"^). 
Their formation from [MCPPhj)^] could be explained by the 
folloujing mechanism* 


CH.C1« 

M(PPh3)4 + Q 2 ^ ^ ' + 2 PPh, 

Ph3P' 


*, + NO NO 2 
Ph3P"^ ^0 


PhjP. 


WO, 


-> 'K 

Ph3P Xo- 


The non-conducting behaviour of these complexes in 
organic solvents further confirmed their nonionic nature. 
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The charge balance along with their diamagnetism suggested +2 
oxidation state of metal ion in these complexes. 

Reaction of [Pci(PPhj)^] with nitrosylchlo ri de gave a 
yellow crystalline compound, [ PdCl2( PPh^) 2] together with some 
t riphenylphosphine oxide. Because of the ease of cis-trans 

22 23 

isomerisation of palladium(l I ) complexes, ' the product was 
always trans-PdCl2( PPh^) 2 • The formation of trans-isomer was 
further confirmed by its melting point which coincided with 
the one reported earlier. Both nitrosyl bromide and nitro- 

syl tribromide on reaction with [Pd(PPhj)^] gave a previously 

24 ”1 

reported'^ brownish orange complex ,[ P d2Br^( PPh^ ) 2 J 

(structure I). The mechanism of the formation of 



[ Pd2Br^(PPh2)2] explained by the following three steps* 

(a) Formation of a binary complex, [ PdBr2( PPh3)2] *» (*2) the 
reaction of the binary complex with the free bromine obtained 
as a result of dissociation of NOBr or NOBr^ to yield an 
unstable species [PdBr4F‘: ( e) the reaction of [PdBr^f uilth 
[PdBrjCPrh,)^] to yield [Pd2ar4(PPh3)2]. This mechanism u,as 
further confirmed by the following facts: ( 1 ) Intermediate 
binary cbmpcund.CPdBrjCPPh,)^] «s isolated if the same reaction 
mas carried cut at slightly lomer temperature and adding 
relatively lesser amount of NOBr and NOBr, solutions. 



(2) Chatt, et al. prepared [ Pcl 2 Cl^( poh^) by the interaction 
of [ P dCl2( PPh^) 2 ] ujith Na 2 PdCl^. (3) Such a complex was not 
obtained by the reaction of [Pd(PPhj)^] with NOCl which is in 
conformity with the stability of nitrosyl chloride at room 
temperature and thus non-availability of chlorine for making 
[PdCl^]^" species. 

Interactions of H 2 PtClg with dinitrogentrioxi de in 
presence of triphenylphosphine or triphenylarsine gave 
cis-[ PtCl 2 (MPh^) 2 ] (M = P or As). Dinitrogentrioxide, PPh^ or 
AsPhj in these reactions is acting as a good reducing agent^ 
reducing platinum(l\i) to platinum(ll ) . 

Reactions of NOX (X = Cl, Br, Br^ or NO 2 ) with PdCl 2 and 

H 2 PtClg in presence of triphenylphosphine or triphenylarsine 

gave previously reported palladium halide and platinum halide 
24 

complexes respectively. Only one platinum nitrosyl halide 
complGX,[Pt(N0)ClBr2(PPh^) 2 ] was isolated by the reaction of 
NOBr with H 2 PtClg in presence of triphenylphosphine. This is 
in conformity with the observation that Pt(ll), Pt(l\i) and 
Pd(ll) have little tendency to form nitrosyl complexes when 
PPh^ or AsPh^ molecules are attached to them as ligands. The 
i.r. spectrum of [ Pt( NO) ClBr 2 ( PPh^ ) 2 ] ■ showed aosorption band 
at 1380 cm"” due to The low value of (1380 cm ) 

suggested that NO in this compound is possibly linked as a 
N0“ ^'or platinum and palladium metal appears in the 

range 1 800-1 825 cm‘^ Similar reactions with PdCl 2 
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did not yield palladium nitrosyl complex. This may be largely 

4. 4 

due to higher ionization energy needed to produce Pd than 

Pt^^ ions and it may be assumed that complexes of palladium( I W ) 

are too unstable to be readily isolated. Dimeric nature of 

[ Pt( NO) CIB r2( PPh^) 2] ujas ruled out by the fact that the bridge 

in the platinic complexes is generally very ueak as compared 

to that in platinous complexes. (Bridge of the platinic 

. ^ 27 ,28 

complexes readily split by oxygen containing solvents 
such as ethers, alcohols j etc.) 



Table V . 1 . Analytical data of the complexes 
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T able \l ,2 , Colour, melting point and important infrared frequencies of the 
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LEGEND TO THE FIGURES 

Fig. U.I. Infrared Spectra of the Complexes in KBr discsl 

(1) [Pd(N02)2(PPh3)2] 

(2) [Pd(N 02 )(N 03 )(PPh 3 ) 2 ] 

(3) [PdCl2(PPh3)2] 

(4) [Pd2Br4(PPh3)2] 

(5) [PtCl2(MsPh3)2] 

(6) [Pt(N0}ClBr2(PPh3)2] 







16 14 12 10 8 6 4 

2 

Frequency enrf' x 10 
INFRARED SPECTRA 

Fig. V.l 
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CHAPTER yi 


FABRICATION OF CYCLIC yOLTAMMETRIC INSTRUMENT. 
CYCLIC yOLTAMMETRIC STUDIES ON TRITHI AZYLTRI- 
CHLQRIDE IN DIFFERENT APROTIC SOLVENTS AND THE 
EFFECTS OF ADDED TRANSITION METAL COMPLEXES 

UI.I INTRODUCTION 

An increasing number of chemists use electrochemistry as 
a characterization technique in a fashion analogous to their 
USB of infrared, UV-visible, NMR and ESR spectroscopy. The 
first step in the electrochemical characterization of a 
compound is to ascertain its oxi dation- reduction reversibility. 
Cyclic voltammetry is the most convenient and reliable technique 
and related qualitative characterisation of a neuj system. 

The next step usually consists of the determination of electron 
stoichiometry of the oxidation reduction steps of the compounds. 
Controlled potential coulometry provides a quantitative means 
to such evaluations. To study the first step of electro- 
chemical characterization, a cyclic voltammetric instrument 
luas fabricated by using easily available indigenous components. 
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A loiu capacity CSl cell luas also designed and constructed to 
minimise the consumption of supporting electrolytes, solvents 
and the electroactive species. In the second part of the 
chapter electrochemical behaviour of trithiazyltrichloride 
( NSCl in acetonitrile and dimethylf ormami de is presented. 
Added complexes showed a significant effect on the electro- 
chemical behaviour of (NSCl)^ in acetonitrile. Although the 

electrochemical processes of nitrogen oxides have been studied 

1 •" 6 

by a number of workers in different solvents, the studies 

on their thioanalogues have not yet been taken up. Recently, 

7 

Tweh, et al. have reported the electrochemical behaviour of 
S4'^4- 

Basic Principles of C\J Technique 

Cyclic voltammetry or cyclic triangular wave voltammetry 

is like polarography , a relatively simple technique, capable 

of providing with little experimental effort, a great deal of 

useful information about electrochemical behaviour. Cyclic 

voltammetry is itself a variant on stationary electrode volta- 
8 

mmetry. In the latter technique the potential of the stationary 
electrode is varied linearly, as in polarography, and the result- 
inn current is measured on a recorder or oscilloscope. Typical 
stationary electrode voltammograms are illustrated in Fig. UI.1. 
It is clearly indicated by voltammograms that the potential 
may be swept either cathodically or anodically, and that unlike 
pol arog raphic waves, the curves are peaked. This is a 
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consequence of the use of a stationary electrode. As the 
potential moves into the region luhere the substrate is reduced 
(or oxidized), the region adjacent to the electrode becomes 
deplected of material, and the current decreases. This peaked 
behaviour is masked at a dropping mercury electrode because of 
the following reasons’ (1) the drop is expanding, (2) the drop 
continually falls off, making fresh solution available for the 
next drop, and (3) sweep rates are low in polarography. In 
1948, Randles and Sevcik independently derived an equation 
relating the peak current (ip) to the experimental parameters 
of the stationary electrode polarographic experiment* 

ip = 2.6 87 x 10^ n^^^ Cv^^^ .. (l) 

where n. A, D and C are number of electron change, area of 
electrode, diffusion coefficient and concentration of electro- 
active species respectively. Eq. 1 predicts that the peak 
current should be a function of potential sweep rate (v)(in volts 
per second) . Eq. 1 is based on the assumptions of a reversible 
process and the linear diffusion (planar electrode). When these 
conditions are fulfilled, the ratio ip/v is found to be 
constant as predicted by Eq. 1 . 

In CU one studies the current-potential (i-E) curve 
during an electrode reaction which can be generally written as 


ox + ne 


red 


.. ( 2 ) 




-E (V) Vs. S C E 


Cyclic voltammogram of a 1-electron process 
showing important features • 


Fig. VI. 2 
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luhere ox is oxidant and red is reductant. A stationary ujork- 
ing electroEie is used and the solution is unstirred. The do 
potential (Ej applied at the electrode has the isosceles tri- 
angular uiauB form as shoirn in Fig. \/I.3(aj. The C\i-gram 
consists of a plot of the current flowing through the solution 
as a function of potential during a cycle. 

10 11 

The three common types of CU-grams * are illustrated 
in Fig. \il.3(c). The rate constant of the charge transfer 
involved in reaction (2) is symbolised, ksh, irhile the poten- 
tial scan rate by u. When ksh>>v, surface concentration of 
electroactive species remains at or very near the Nernstian 
values throughout the scan and me have reversible electron 
transfer resulting in CV-gram 1 of Fig. \il,3(c). For such a 
case the folloming relations constitute the commonly used 
criterion of reversibility in CV/- 

^ E = E - E ^ 60/n mU 
p pa pc 

and 

"^Pc = ^Pa •• 

where AE represents the peak-to-peak separation, ip and ip 

p 3 C 

are anodic and cathodic peak currents in microamperes and n, 
the number of electrons. A typical cyclic voltammogram of one 
electron process, showing important features, is shown in 
Fig . UI .2 , 





(a) TriangularwavG (b) Coordinate system (c) Cyclic voltammogram 





148 


When the values of ksh and v becomes competitive, quasi- 

reversibility results (curve 2 of Fig. \/I.3(c)), one observable 

effect is that both cathodic and anodic peaks get drauin out 

and the value of AEp becomes greater than 60/n mW. Lastly 

when the value of ksh is smaller to that of v, E „ and get 

* pc pa 

widely separated and no current may be observed during the 
reverse scan as shown in curve 3 of Fig. VI. 3(c). In this 
limit CU-gram is said to be irreversible. 

The description of a system as reversible, quasireversible 
or irreversible is essentially operational in nature. A system 
may appear reversible under one set of conditions (e.g. small 
v) while it may appear quasi- reversi bl e or even totally irre- 
versible under other conditions (e,g., large v) . 

VI. 2 EXPERIMENTAL SECTION 

o 

■_ . « ■ - . I , V. . ■ ^ ^ 

There are four basic components of a CV instrument* 

[a] Electrochemical cell and electrodes. 

[b] Potentiostat . 

[c] Function Generator. 

[ D] Recording device. 

[a] Electrochemical Cell and Electrodes 

In classical two electrode voltammetry, one of the 
electrodes used is a reference electrode (RE) and the other, 



a working electrode (WE) having usually very small area. Work- 
ing electrode compared to the RE is readily polarised. In 
C\y potential scan rate is fast and i^ drop across WE and RE is 
considerable leading to the following difficulties* (i) as 
current i begins to flow, the working electrode potential lags 
behind the applied voltage because of the ip drop (R being the 
impedance of the cell and the electrodes) and the linearity of 

the potential scan is lost. Since i is directly proportional to 

1 /2 . ^ 

V , it will be less than the predicted value with slower and 

distorted sweep rate; (ii) current flowing through RE may cause 

potential to deviate from its equilibrium (zero current) value 

due to changes in concentration of the electroactive species at 

the electrode surface. 

To minimise such errors in voltammetric work, the three 
electrode configuration (Fig. UI .4) together with an automatic 
potential control device ( potentiostat ) has been used. The 
third electrode is called counter-electrode (CE). Its volta- 
mmetric characteristics are relatively unimportant. The poten- 
tial controller, merely supplies whatever current is necessary 
to the WE-CE circuit and the potential of the WE versus RE is 
measured through a high input impedance device so that practi- 
cally no current is drawn in its measurement. 

Construction of Electrodes and Cell Assembly 

12 y 

WE used in our work is made of high purity (99.9 /•) 
Pt-wire (0.05 cm diam.) sealed into a pyrex glass tubing as 
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Schematic diagram of cyclic voltammetric instrument . 



Argon 


B 55 


S.C.E. 


Counter electrode 


Calomel paste 


Working electrode - 
KCl + calomel (solid) 

Agar plug 

Glass bead 


KCl solution 
(saturated) 


Water 


Sintered glass(G-4) 


Water 


Solution under 

study 


Electro chemical cell 
Fig. VI. 5 
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seen in Fig. Ml ,5 , The exposed end of the platinum wire is 

sealed into a glass bead of 1-2 mm size to eliminate end shape 
13 14 

effect, * The counter electrode is a coiled platinum mire 

and the reference electrode used is a saturated calomel 

1 5 

electrode (SCEj as shown in Fig. UI.5. 

Cell used is a double walled cylindrical glass vessel 
with an inlet and outlet tube for thermost ating purpose. Inlet 
ending in a capilary and an outlet were provided for purging 
argon gas in the cap of the cell. The maximum capacity of the 
cell is 15 ml. 

[ S ] Potentiostat 

A potentiostat used for the first time in electro- 
1 4 

chemistry by Hickling is an automatic device that continu- 
ously sense the difference of potential between the working 
and the reference electrodes and compaies the difference with 
a preset voltage or a time varying signal and adjust the 
voltage applied across the cell through a negative feedback 
circuit containing the CE in such a way so as to reduce the 
difference to zero. 

The potentiostat was assembled using a solid state 

1 6 

operational amplifier circuits, Fig. Ml. 6 of Spitzer suitably 

17 18 

modified by us and of Underko f fler , Shain and Mohanty. ’ 

In our system (Fig. \II .7 ), general purpose operational amplifiers 

SMC-741 and low leakage operational amplifiers ME-536 were used. 

1 9 

I n C\i the double layer capacitance or charging current often 




Pot(2ntiostate circuit used by us . 
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contribute to a considerable extent especially uuhen Pt electrodes 
are used* The order of magnitude of the double layer capacity^^ 

r\ 

at the platinum is 20-40 tip/cm . To compensate the charging 
current uje have modified the potentiostat circuit by using tujo 
three electrode cells 'Of the same design. One of the cells 
(experimental cell) contained the el ect roactiue substance in 
addition to supporting electrolyte, the other cell (reference 
cell) had only the supporting electrolyte. The same potentio- 
stat controlled the potential of tvro cells but the working 
electrodes were connected to separate current followers. The 
output of these current followers wore used as inputs to a 
subtrt^ctor ujhich gave the current output (contribution from 
only the electroactiue species) to be recorded. To obtain 
meaningful results, following conditions are to be met^^"' 

i) The concentration of the supporting electrolyte should 
be identical in the experimental and reference cells; 

ii) The electroactiue species should not significantly 
influence the double layer capacity; 

iii) The surface characteristics of both working electrodes 
should be as close to each other as possible; 

iu) The charging current signals generated in the experi- 
mental and reference cell should correspond to the same electrode 
area. 

Condition (i) is trivial, condition (ii) in our studies 
is not precisely known but for the present it was assumed not 
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to contribute significantly and conditions (iii) and (iw) can 
not be met precisely for the Pt'-u/ire electrodes. To minimise 
this difficulty jthe input to the subtractor from the experi- 
mental cell ujas fixed at unity gain luhereas the input from the 
reference cell is kept variable. 

( c) Function Generator* We have fabricated the signal genera- 

22 

tor using basically the circuit of Myers and Shain uuith some 
modifications. 

In the function generator the cell potential ujas fed back 
to the signal generator to define the circuit operation in 
terms of the real performance of the potential control. This 
unit produced ramp and hold signals, single cycle and multi- 
cycle triangular ujaves ujith independently selectable initial 
potential (EIj_) Fig. 1/1.8, anodic and cathodic (Eq) limit 

potentials and hold potential (E|^). Tiie scan rates available 
from the unit uuere in the range, 0.2 mU/sec to 1000 u/sec. 

The comparison voltage for the cathodic limit, anodic 
limit and the hold potential for ramp and hold signals luere set 
through the loir voltage pouier supplies, and Ej_^ respectively. 

The operational amplifiers used in our circuit were NE-536 found 
capable of switching rapidly from one limit to other. A quad 
2-input NAND gate EC-700 was suitably connected to act as a 
dual R-S flip flop. An array of six SH-100 diodes performed 
as the diode gate in the ramp and hold single cycle operation. 
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Various output wave forms available from this generator 
are shown in Fig. Ml .9 . 

The required voltages for the potentiostat and the signal 
generator were derived by suitable circuitry from a +15 M 
stabilized power supply (Net Works, India Ltd,). The circuits 
used by us is shown in Fig. VI. 10. The potentiostat and the 
signal generator were assembled in an aluminium box with control 
pannels as seen in the photograph (Fig. VI. 11). 

[ Recording devices 

The cyclic voltammograms were monitored first on an 

oscilloscope (ECIL model 0S763A) and then recorded on a X-Y 

recorder (Digilog model 2000). Instrument performance was 

2 3 

tested with the standard redox systems [K^Fe(CN)g] and 
[ Ru(NHj)^Cl]Cl 2 as shown in Fig. UI. 12(a) and UI. 12(b). 

Preparation of .Complexes 

All the complexes, RuCl 2 ( PPh^) ^ , RhCl(PPh 2 )^, NiCl 2 ( PPh^) 2 s 

RuCl^( flf^h^) 2 • NleOH , Ru( CO) ^( PPh^) 2 and ■(NSCl)^ were prepared 

24 

according to the literature methods. 

Solvents and Supporting Electrolytes 

T et raethylammonium perchlorate (TEAP) was used as support- 
ing electrolyte and purchased from Fluka AG .TEAP was dried 
before use under vacuum at 80°C. Acetonitrile (CH^CN) (E. Fierck , 
India) was triply distilled over P 40 ^q and bubbled with dry 



+1.0V 








> 

> 

> 

> 

> 

> 

o 

q 

O 

o 

O 

o 

tD 

to 

ID 

ID 


CO 

4- 

1 

4- 

1 

1 

1 

O 

o 

O 

O 

o 

o 

o 

q 

q 

o 

q 

o 

Ij 

s 





i/) 

lo 

(j) 

to 

to 

to 





ic: 

C{ 

00 

00 

q 

q 

o 

o 

CN 




r- 


00 

> 

> 

> 

> 

> 

> 

uo 

LD 

ID 

ID 

ID 

ID 


ifmmm 



r-* 

r** 

+ 

1 

+ 

1 

1 

1 

> 

> 

> 

> 

> 

> 

ID 

ID 

q 

ID 

LD 

D 





^mm 


\ 

+■ 

T 

4- 

+ 

+ 



160 


(a) For supply of ±6,±5;-4and -3volts. (b) For supply of +2V to Ei,Er, 
Fig. VI. 10 Power supplies derived from ±15V networks Iq power supply 
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argon. Reagent grade DMF (E. Merck, .Gormany) tuas used directly 
ujithout any further purification. 


Ml .3 RESULTS AND DISCUSSION 

CU of Trithiazyltrichlori de in CH^CN 

The C\J-grams luere recorded at a platinum ujorking electrode 
in anhydrous CH^CN using TEAR as the supporting electrolyte at 
different scan rates. The concentration of electroactiue 
species (NSCl)^ ujas kept at 6 x 10 ^ M. The potentials reported 
in this uiork mere referenced to the saturated calomel clectrodo 

(SCE). Further, the peak potentials appearing in the discussion 

- 1 

and in the figures arc at the scan rate of 0.068 U . s 

The data from CU-grams for the (NSCl)^ in the range 
0.00 M to “1.00 U are summarized in Table V/I.1. It is uuell 
knoujn that (NSCl)^ exists as a monomeric thionitrosyl chloride, 
[NSCljin acetonitrile. C\i-grams of [NSCi] in the cathodic 
sujeep displayed toio distinct reduction peaks at -0.55 M and 
-0.65 M (Fig. \il. 14(a)). The first reduction peak shoiued the 
quasi reversible behaviour during the anodic scan ujhile the 
nature of the second peak (-0.65 M) ujas totally irreversible. 

The first reduction luave may be due to the formation of radical 
anion [NSCI] ufhich on reversal of the scan oxidized to [NSCI]. 

[f^SCl] — [NSCi] 


f. 


... (5) 



Table UI .1 » Cathodic and anodic peak potentials in a 6 x 10 M (NSCl)^, 0.1 M TEAP 
CH-,CN and OMF solutions at different scan rates 



1 63 
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The colour of the [WSCl] solution in CH^CN mas green mhich 
became slightly yellouiish on reduction. Cathodic and anodic 
peak currents for this redox process mere almost the same 
except that anodic peak current mas slightly less. This pheno- 
menon may be because of instability of [WSCl] radical anion 
mhich underment secondary reactions during the course of experi- 
ment. Appearance of second irreversible reduction peak may be 
possibly because of the formation of dianion. The quasireuer- 
sible character of the first reduction mave mas shown by the 
degree of dependence of the AEp value on the potential scan 
rate (about 60 mU for a ten-fold increase in the scan rate) 
(Table UI.I). To have a good visibility of the first reduction 
mave cyclic voltammogram mas scaned from -0.30 U to -0.80 U as 
shown in Fig. UI. 14(b). 


C\J oF Trithiazvltrichloride in DMF 

Trithiazyltrichlorido exists as a monomer [NSCI] in 
27 

dimethylf ormamide. C\i-yram of [NSCi] in the range 0.00 \J 

to -0.90 \i displayea only one well defined reduction peak at 

-0.550 \J (Fig. \il .1 3( a) (b) ) during the cathodic scan mhich may 

again be due to the formation of radical anion [NSCi] and it 

underment quasi reversible oxidation during the anodic scan. 

The peak currents, I and I , mere almost similar mhich 

’ pa pc 

2 8 

indicated that the radical anion is more stable in DMF as 
compared to that in CH^CN. 
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Effect of Added [RhCl(PPhj)^] on the CU-gram of (NSCl)^ in CH^CN 

In the/>J 6 xIO ^ M (NSCl)^ solution in CH^CN 3 x1Q ^ M 
RhCl(PPhj)^ mas added and mas allomed to stand for a minute. 

The C\J-gram of the above solution shomed reduction peak at 
-0.55 1/ during the cathodic scan . ( Fig .UI . 1 5 ( a) ) mhich mas 
exactly at the same position as observed in the CV gram of pure 
(NSCI)^ in CH^CN. On the scan reversal oxidation ocurred at 
-0.350 \J mhich indicated a small anodic shift. The shape of 
the CU-gram mas quite different from that observed for pure 
(NSCl)^ (Fig. UI. 14(b)). ■ Cathodic peak is very prominent mhile 
the anodic oxidation peak is suppressed, indicating the rapid 
consumption of the radical anion [nsCi]” formed during the 
cathodic smeep in some chemical reaction. It may possibly be 
due to the presence of rhodium(l) complex RhCl(PPh 2 )j mhich gave 

one electron easily to NS free radical (formed from the dis- 

_ * 

propo rtionation of [NSCI] ) to form NS species. Rhodium(ll) 
thus formed transfered again one more electron to another 
molecule of NS radical to form NS . Thionitrosyl anion (NS ) 
thus formed attacked rhodium(lll) and formed the rhodium(lll) 
thionitrosyl complex (Scheme UI,I)S 

SCHEME UI .1 


6 

[NSCI] — [nsci]“ 


Rh^^“NS“ + NS“ + Cl 




NS’ + Cl 

[RhCl(PPh3)3] 

2 + 

NS + Rh 


^ iNS C lf . 
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Above mechanism mas further corroborated by the fact 

that me have isolated [Rh(NSJCl 2 (PPhj )]2 from the above mixture 

2 6 

mhich has already been prepared in our laboratory by reacting 
[ RhCl(PPh^) j] mith (NSCl)^ in THF. 


Effects of Added NiCl 2 (PPh ^)2 and Ru( CO) PPh^) 2 on the C\i-gram 


of Trithiazyltrichlori de in CH^CN 

In approx. 6 x 10 ^ M (NSC1 )j solution ( ca . 3 x 1 0 ^ M) 

[ NiCl 2 ( PPhj) 2 ] added and mas allomad to react for a minute. 

Cy-gram of the above mixture shomed exactly similar pattern as 
that obtained for [ RhCl( PPh^) Fig. VI. 15(b) (i.e., ano die 
current mas negligible as compared to cathodic current) . Since 

mas recovered from the solution after the CV-gram mas taken, 

t 

it is possible that the radical anion, [NSCI] first dispropor- 
tionated into NS* radical mhich catalytically got polymerized 
to give S^N^ ( Scheme VI ,I I ). Exact catalytic nature of 
[ NiCl 2 ( PPhj) 2 ] , homever,ujas not established. Similar results 

SCHEME VI. II 

4[NSC1]” ^ 4 NS' +4 Cl" 


tet ramerise/Ni^"*’ 


mere obtained mhen [ Ru(C 0 )^(PPhj) 2 l mas added in place of 
[ NiCl 2 ( PPhj) 2 ] • From the CV cell solution after the experiment 
mas over [ Ru(C0)2Cl2(PPhj)2] and [S^N^] mere isolated. The 
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same products were also isolated when reaction of (NSCl)^ with 

2 9 

[ Ru( CO) PPh^) 2 ] ujas carried out in THF separately. This 
corroborated the removal of Cl ions from [NSCi] with the 
formation of thionitrosyl radical (NS*) which tetramerized to 
form [S^N^] (Scheme \JI.IIl)5 

SCHEME \J1 .III 

4[NSC1]“ > 4 NS* + 4 Cl” 

; [Ru(C0)3(PPh3)2] 

\i/ 

S^N^ + 2[Ru(C0)2Cl2(PPh3)^ 

Effect of added RuCl 2 (PPh 3)3 and RuCl 3 ( AsPh^) 2 • CH^OH on the 
C\/”gram of Trithiazyltrichloridc 

In approx. 6 x 10 ^ M (NSCl)^ solution in CH^CN approx. 

3 

1 X lo” M [RuCl 2 (PPh 3 ) 3 ] was added and the solution was kept for 
a minute. In the cathodic sweep, a steep rising current hyste- 
resis curve was observed (Fig. \il. 15(c)). The anodic curve 
recorded after reversal o f the potential scan passed through 
the cathodic curve. This peculiar kind of pattern is generally 

observed when sofri^ reduced solid product gets deposited on the 

“*■30 ’ 2 ™ 3 

cloctrodo as reported for systems Cg(II)-SCN , Co(ll)-S 203 

2 - 32 

and Fe(II)-Sr.O^ . The difference observed between the 
potential of the steeprise of the current on the cathodic 
curve and the potential of the fall of the current on the anodic 
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curve may be regarded as a crystallization over potential. One 
ujell defined oxidation peak aias also observed at -0.575 U which 
is possibly because of the formation of radical cation [I^SCl] 
as shown in the Scheme VI.IU. Thionitrosyl cation ( NS"*") thus 


SCHtriE VI .l\i 


[NSCl] 


[(MSCl]"^ 
1 


[ Ru(ll)-NS'^] < — 

+ LRuCi./PPh.),] 

C 12 


ns’*’ +01* 


formed may be coordinated with Ru(ll) with the evolution of 

chlorine gas. Infact the crude obtained from the electrochemi- 

- 1 

cal cell showed a sharp infrared absorption band at 1300 cm 

+ 33 

which is a characteristic band of coordinated NS and 

chlorine gas smell was also observed. 

Added RuCl^ ( AsPh^ ) 2 • CH^OH showed exactly the same pattern 

as shown by [ RhCl( PPh^) ^ J except that an additional sharp 

cathodic' peak at -0.51 \1 was observed (Fig. \JI . 1 5( d} ( e) ) . 

Similar kind of behaviour was observed in the C\J-gram of Na 2 SQ^ 

in which the origin of the sharp peak was explained due to 

irreversible reduction of sulfur (formed due to some chemical 

3 4 

reaction) into sufide. In our system there were ample 
opportunities of the formation of 50^ because of the presence 
of traces of moisture as shown in equations (7) and (8). 


NSCl + H 2 O HNSO + HCl . . . (7 ) 

HNSQ'f 2 H 2 O (NH^)2S03 ... (8) 

Possibly solvated methanol accelerated the above process. 
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LEGEND TO THE FIGURES 


Fig. 1/1,12. Cyclic Uoltammograms of the compounds in aqueous 
medium; Concentration 1 x 10 ^ FI; Supporting 
electrolyte, 0.1 M NaCl; Siueep rate 0.068 u/sec. 

(a) K^re(CN)g 

(b) [Ru(NH 3 ) 5 Cl]Cl 2 

Fig. \/I.13. Cyclic Uoltammograms of (NSCl)^ in DMF ; Concen- 
trationA/ 6 .Q x 10 ^ Flj Supporting electrolyte, 

0.1 M TEAP; Siueep rate 0.068 \i/sec. 

(a) Sujeep range 0 to 0.9 V 

(b) Sujeep range 0 to 0.7 \I 

Fig. yi.14. Cyclic \i oltammograms of (NSCl)^ in CH^CN; 

Concentration fu 6 .0 x 10 ^ M; Supporting electro- 
lyte, 0.1 F! TEAP* Sujeep rate 0.068 Vl/sec. 

(a) Siueep range 0.0 to 1.00 \J 

(b) Siueep range 0.3 to 0.8 \1 

Fig. \/I.15. Effect of added complexes C^. 1.0 x 10 ^ M) on 
the CV-gram of (NSClj^, 6.0 x 1 0 ^ Fl) in 

CH^CN, Supporting electrolyte, 0.1 M TEAP; Siueep 
rate, 0 .068 \l/sec. 

(a) Effect of added [ RhClCPPhj) 3 ] 

(b) Effect of added [ NiCl 2 ( PPh 3 ) 2 ] 

(c) Effect of added [ RuCl 2 ( PPh 3 ) 3 ] 

( d) Effect of added [ RuCl 3 ( AsPh 3 ) 2 ] • CH 3 QH , first 
scan 

(e) Effect of added [ RuCl 3 ( HsPh 3 ) 2 ] •LH 3 OH, second 
scan. 
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CHAPTER l/II 


SUMMARY 

and 

SCOPE FDR FUTURE WORK 

Nitrosyl forms stable complexes luith most of the metal 
ions which have been known for over thirty years. It is, 
however, only in the last decade that the nature of bonding 
and reactivities of nitrosyls have been given serious consi- 
deration. In most of these studies NO gas has generally 
been utilized to introduce nitrosyl functionality in transi- 
tion metal complexes. However, the reactions of NOX (X = Cl, 
Br, Br^, NO2) with coor dinatively unsaturated molecules may 
be additive or with coordinatively saturated molecules, 
substitutive, each NOX added may displace ligands capable 
of donating to the total of four electrons to the metal. The 
possibility of an oxidative addition reaction will not only 
result in nitrosylation reaction, but it might be able to 
oxidize metal ions to a higher oxidation state. Under these 
situations the reactions might make a very convenient 
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synthetic route to metal nitrosyls. Even if the metal is not 
oxidized, the nitrosylation reaction is at least expected. In 
v/ieui of this the reactions of N2OJ, NOBr^, hOBr and NOCl havs 
been taken up luith a feuj heavy transition metal ions and their 
complexes . 

In addition, the studies on analogous thionitrosyl 
complexes is in the embryonic state, irhich may be oiiiing to 
the lack of thionitrosylating agent. A feir thionitrosyl 
complexes have been prepared^ ( 1 ) by reacting elemental sulfur, 
propylene sulphide or disulfur dichloride luith coordinated 
nitrido ligand in the complexes, and ( 2 j by the reactions of 
trithiazyltrichloride ujith Na[^^- ) Cr( CO) , a f euj rhodium 
complexes and luith RhClj.xH20, OsClj.xH20 or RuCl^.xH20 in 
presence of triphenylphosphine and triphenylarsine in tetra- 
hydrofuran. Although ruthenium forms more nitrosyls than any 
other element, only tujo thionitrosyl Complexes of ruthenium 
are reported. Besides one thiazate complex of iridium [lr(C 0 )“ 

( NSO) Cl2( PPhj) 2] has so far been reported in the literature. 

The syntheses of thionitrosyl complexes of ruthenium, iridium 
and rhodium and the thiazate complexes of rhodium have, theref ore , 
been taken up. 

The first chapter of the thesis describes in brief the 
scope of the ujork, the chemistry of the thionitrosyl group, NS , 
thionitrosyl complexes, bonding modes of nitric oxide in transi- 
tion metal complexes ivith special emphasis to {RuNO} system. 


a 
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6 7 

brief but up-to-date literature sur\/e> of {RuNO} , {RuNO} , 

8 10 

{RuNO} , {RuNO} , nitro, nitrato complexes of ruthenium, 
platinum and palladium, thiazate complexes and cyclic uolta- 
mmetric studies on sulfur-nitrogen complexes. 

In Chapter II, the syntheses and reactions of novel 
ruthenium complexes having both NS and NO groups have been 
discussed. The compounds synthesized and studied are 
[ Ru(NS)2Cl2(PPh^)2] .S (S = CH2CI2, CHCl^ or CHBr^), [Ru(NO)- 

(NS)ClX(PPh3)2] (X = Cl or Br) , [ Ru( NSOH j (NS) ClCPPh^) 2] ’ 

[ Ru(C0XNS)Cl(PPh3)2]2-CH2Cl2, [ RuCl2Br( NS) ( AsPh3) 2] and 
[Ru(N0)X3(PPh3)2] (X = Cl or Br). Dithionitrosyl complex 
[ Ru( NS) 2Cl2( PPh3) 2] .5 contains terminal, linear (NS"*') and bent 
(NS ) mode of bonding. Presence of NS’^ and NS in [Ru(NS) 2C12“ 
(PPh3)2]»S has been confirmed by the reactions of electrophiles 
NOX (X = Cl, Br, Br3 or NO2) and nucleophile (OH ). Reactions 
of [ Ru( NS ) 2Cl2( PPh3) 2 ] -S ujith NOX resulted in the formation 
of [ Ru(N0)(NS)ClX(PPh3)2]. 

Third chapter deals vuith the syntheses of thiazate 
complexes of rhodium [ Ru(C0Xri2^HNS0^l(PPh3)] , [ Ru( H2O ) ( NSO) 2“ 

Cl(PPh3)]2, [ Rh( H2Q) ( NSQ)2C1( PPh3) 2] j thionitrosyl complex of 
iridium, [l r(NS)Cl2(PPh3)2] and neui route for the synthesis 
of NS-bridge complex [ Ru( NS) Cl2( PPh3 ) ]2 • 

Chapter four deals u/ith the products resulted in the 
reactions ofRuCl3.xH20 a/ith NOX (X = Cl, Br, Br3 or NO2) in 
presence of triphenylphosphine, triphenylarsine and 
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t riphenylstibine. Reactions of NOX with some ruthenium 
complexes, [ RuHCl( CO) ( PPh^) 3] , [ Ru( C0)3( PPh^) 2 and 
RuCl3( AsPh^) 2 • CH3OH haue also been described. Compounds of 
the type [ Ru( NO) CIX2 1-2 ] (X = Cl or Br; L = PPh^, AsPh^ or 
SbPh3) and [ Ru(C0)2X2( PPh3)2] (X = Cl or Br) haue been obtained 
and studied. One ni tro-nitrato complex [ Ru( NO2) ( NO3) ( 80)2“ 
(PPh3)2] has also been synthesized. 

Chapter five describes the interesting oxidative addi- 
tion reactions of dinitrogen trioxide with tetrakis triphenyl- 
phosphine-palladium( 0) and tetrakis triphenylphosphine- 
platinum(O) in presence and absence of oxygen. Reactions of 
NOX (X = Cl, Br, Br3) with Pd(PPh3)^, PdCl2 and H2PtClg in 
presence of PPh3 and AsPh3 haue also been described. These 
reactions resulted in the formation of complexes [m(N02)2" 
(PPh3)2], [M(N02)(N03)(PPh3)2], [ HCl2( PPh3) 2 ] , [ MCl2( AsPh3) 2 ] 

(M = Pd or Pt) , [ P dBr2( AsPh3) 2] j [ P dB r2( PPh3 ) 2 ] and 

[Pd 2 Br 4 (PPh 3 ) 2 ]. 

Electrochemical behauiour of NO, N20^, NO2, ^2^3^ etc. 
haue been known for the last twenty years but no report pertain- 
ing to the studies on their thioanalogues except 54^14 is 
available. Due to the non-availability of a commercial 
indigenous cyclic voltammetric instrument, a simple cyclic 
uoltammetric sat-up has been fabricated by using indigenous 
materials which forms the first part of Chapter Ml . The second 
part deals with the cyclic voltammetric behaviour of trithiazyl- 
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trichloride in acetonitrile and dimeth vlformami de . Quasi- 

« 

reversible behaviour of the redox process [NSCI] [NSC1]~ 

u/as observed and the effects of added transition metal 
complexes have been investigated. 

A few of so many fascinating problems related to the 
chemistries of nitrosyl, thionitrosyl and thiazate complexes 
are as follows^ 

(1) Reactions involving electrophilic and nucleophilic attack 
on the coordinated thionitrosyl in the complexes. 

(2) Syntheses and reactions of thionitrosyl complexes of the 
other transition and non- transition metal ions. 

(3) Syntheses of the complexes having iMS group coordinated 
through its sulfur end. 

(A) Reaction of coordinated NS group with thiophilic agents 
to synthesize nitride complexes. 

(5) Reactions of nitrosyl complexes with trithiazyltrichlo- 
ride at low temperature to obtain the NS bridge complexes. 

(6) Syntheses and reactions of thiazate complexes of the 
other transition metal ions. 

(7) XPS and X-ray crystal structural studies of thionitrosyl 
complexes , 

(8) Syntheses of some new thioni tro sylating and thiazating 
agents. 
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(9) Effect of temperature on the stability of radical 
anion [nsci]“. 

(id) Effect of surfactants on the formation and reactions 
of nitrosyl and thionitrosyl complexes of various 
transition metal ions. 
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